hebeastr hated 


Hs Very te Pon he . J i 
TARE Tom Bie Whe AM hee Ring Hes cs ° 
i rviouraenrhenenes na eat arty oespe se) 
See ee ETOP ceertentar yt arte) 
Nahr ns aku eit CD Roee nady 


Rr ekrheten-te. 
7 SNe nae in 
ASP taht 


Wherehepyrive 


1 Ven rhb eh 
ee 


MRNAS ameter a Pith 
OTe ny OTe Pn 


NP hgh soe he: Se ee 
ba a 
+ alee 
ae rk ae Kt 
Veh Ny 90 nnn tym 27h 
“on™ Pig e ne cnwitinggtig =A Panag tip: 
ilies ie Lane aero, 


cS eae 
. Pe State 
a ee i eat 


ote. Sat Fete pened: 
nT ae eR ee 


aig Ser Sa ¥y Appar 
an 


2h ye he teee, 


ohh we 


naan ae 


eee 
Sat ine 


a Me 


Ae Oet ante 
Se Snes 


Qa 
ban) Ge rte <2 


: am a 
BO GR RE RHE ming 
Ne Sy hte netgear ee Re mee, 


ee eh 9 -t- Fe! 4 
wines eC att Te 


Muiinhtetetc an ote 
Meehan tate that pian phate ge he & 


Pate eas ee 


APs cram 
Phe dewertntnne n 
Pon tg » > 
sotnishote atahenene erty 
Fab Hal Mae te oe é : 
Oy Retry . / 


ita ain he ka 
to Nee ath Pon Men te eat 


hig On Sack aseeeet er poh vata! 
Sixalony EET tes tomes et etre as 
e ~ ee 


i Fo aE A oa tng RS Ua MT 
a nd dod Ay Foie halna te OP A ett ne es 
ee anette ee pater a gage whe 
weavtobediananinan ee Spite ph oe nrPTeem 
nie Ne 


Rea gil 


heed 
lip 


i es NBs 
ee $s Pat wis Ete ty > 


Ae doit re he 
ree ome tapere 


acaba mean 


ete eee ee 
a ete ee 


a ne ee a te ey 
Lett Meme npr 
¢ = 9 
reg Soa he 
St ie ering 
et rs 
y OT Ne ee ee 
en ee 
ote” 9 Ve 
hte 


= A i oot 

eh nthe he ee ie 
Sie eae TS 
a 


WES heey 
nth 


ree ne 
Tee, nome te 


Saati. 
Siete argo 


Nee gets 
aN Reg taints Pe 
sae fe 
—s ee ee | 
St oa a wt nw ty 
Fhe A ol es ate he chs ce et ote 
ae GO OR OR it tn caning ng a I OP I 
SSeS ee ee Se a ee eee ee a ee 


ee 


Aiea hog ig? Ye gy a GTAP he ee RP Nha Mg PO a a ot a alain yi 
sei ea Sian Sl aaa dene A atruate ha aiinl o-aihetbt dord aaa a a ok ae aie aca Beelee a 
Se) enh gaat 4-detbieabeee kilns) nek dahon er me elect 
Fete teeta epee oa lees, +> 


be ate tae es 


Lal tinh Pigh Fnx¥P Rave met gore 
DP a een cibapsatimetnaen rare 


Bee ny Rea alta ain MRI SE adh NOE ETM 
Pgh Fret oh ght Se 27S patetie he elgtee gm 


le ie alae nag or ie oa Sean cae te ene 
STAD PAN eaPicrettes So Gr Agee Ting Wyre 


aa gl Paget 
Sieladds Aca Samat ba a ot Son) alee gee eae tiie ok noe ee 


eS helen otters 
* prea tn 


PE aad 


dice aa el ae 
a te ng ae 3h ant 
Se gy Mag p we Sela me 


~a ee 


ne mt a gutter Os eens? 


yO Hie 
ie oie i ae 


Neer gelle iM eB ene a here eyes 


erie 


nies Sager thee 
atrih iehe het on ate 
Ste amr te bate fats 

Det ng eR tin Tint Dhaene 


= SD EE Gg Rie rae 5 
4 —r aig atiaginctn ts F 
iivtediinartaaderca Sn, ee er 
ate Meet . 
Pe ely a Rg we Rng eee mt ie el sage 
= ei ae ne 


a 


6D tt. yee 
faa} tary 


OO ani Ay, tae 
Penn “lid a gm, ae acta + 
oghvabtomane Teer 
o's a os eee ee ae oe 


3 tae ad 

ee ae oe eae 
Sg ese? 

hep im are 


FF a hocth WA tte Be Bath vince | 


Eritanrety 


Pe 8e8 sthyecni or 
on adie a 


eG P ttt eH tiga. Me 

. eat aera pate cay FEB PE A oli 
VLEET NM A tear et RMLs 

PER Pet ee Ao ete Get ot O wheetnl « s 

PR A Oe Rote dt geet) Ey Ok eee 


be eRe o's, 
cere nes 5 
PEN OL TM 0 Fake OM Nee AA sore 
Het oe eb tet oh 


ee wi eee aM dt 2 Rm Pe Aen 
OP 9 Nae RO on eal 
Mal eFactoy Reset 


ON he alt geet a fea toate tet 5 
See IT he ane tictts Ogle ete Oh Rel ote, 
Ba gth Cen e 


pa ay, gt PO PL ET me 
. ert ign gag AAEM AR pee 
BORN Ae Whats pit rig htg: te fle heighten tafe Mok Ai 

BO Pha PA og OG Eh ge Gy Me 4 Chak tates 


nal 


fm 





tel gt me EE ote 


THE UNIVERSITY 


OF ILLINOIS 





LIBRARY 


GR3.05 





Return this book on or before the 
Latest Date stamped below. 


University of Illinois Library 








L161—H41 


4 
F 
: 























ne 
7 
tis 


, Lele 
tide 
vin tee eS | 

y r a 





+ 8) 














PROFESSIONAL MEMOIRS 


CORPS OF NGINEERS, UNITED STATES ARMY 
AND 
ENGINEER DEPARTMENT AT LARGE 


4 th Mi 





VOLUME YV 
Numbers 19 to 24 
1913 


WASHINGTON BARRACKS, D. C. 
PRESS OF THE ENGINEER SCHOOL 








te 





way ie 


NU x S 


PROFESSIONAL MEMOIRS 


Corps of Engineers, United States Army, and Engineer Department at Large 








EN AX OO 1 CIV Brae 
JANUARY-DECEMBER, 1913. 


I. Authors. : 


AssBor, F. V., Colonel, Corps of Engineers; M. Am. Soe. C. E. 
Effect on Storms on Tidal Levels and Minor Irregularities in Tidal 





ABBOT, HENRY L., Brigadier-General, U. 8. A., Retired. 
Biographical Memoir of John Gross Barnard_____-~_- es 





Gouverneur Kemble Warren__— pene) Pavan adie SOUS es 





ALTSTAETTER, F. W., Major, Corps of Engineers. 
Comments: Failure of Navigable Pass of Dam No. 26, Ohio River_ 


Bain, J. J., Lieutenant, Corps of Engineers. 





The Georgetown Reservoir Coated Wie wae ra 


Barber, A. B., Captain, Corps of Engineers. 
Discussion: A Two-Company Field Work Bee ates 





Breuer, F. J., Captain, Coast Artillery Corps. 
Views of Mortar Shell in Flight baie ee ape 





Buack, W. M., Colonel, Corps of Engineers; M. Am. Soc. C. E. 
Tidal Movements in East River, New York Phe mee te 





Bonp, P. 8., Captain, Corps of Engineers; M. Am. Soe. C. E. 
Discussion: A Two-Company Field Work ~~ ES Z 
Some Experiments in the Use of Bamboo for Hasty Bridge Con- 





struction at view > a ats ri 





Brooke-PopHaM, H.R. M., Major Oxfordshire Light Infantry, Royal 
Flying Corps. 
Military Air Craft f Rabe ohs 2 SESS fir ee nore ire Ne 





Brown, LytLeE, Major, Corps of Engineers. 
Discussion: A Two-Company Field Work___-_---- 2 





Burcess, H., Major, Corps of Engineers; M. Am. Soe. C. E. 
The Colbert Shoals Canal, Tennessee River, Alabama__-—-~~_- 





CABELL, D. C., Major, U. 8S. Cavalry. 
Discussion: A Two-Company Field Work__~-~------------~-- 





CAPLES, W. G., Captain, Corps of Engineers. 





meeuent. tor District ‘Photography—__--.----+—--s2--4--a-- O 


Memeweeitaiian bield Gun S25) 22s 8 et oe ee 
ieenesion- eA. Two-Company Field: Work-___.__------+-->-~--- 
The Australian Militia System —...---.-- SELON SL ee 











2 4S0 VU 





Page. 


280-291 


673-685 


83-90 


199-212 


474-476 


414-418 


249-279 


448-454 


593-602 


170-176 


469-470 


613-649 


463-466 


292-305 
a7 2-4 7A. 
701-708 


1 INDEX TO VOLUME Y 


CARvER, William H., Major-General, U.S. A. 
Brevet Major-General Simon -Bernard.—=_-=_ 2-22-25 eee 306-314 
Claude Crozet ‘_s22..2-5422 35025 Se 729-723 


ConNor, William D., Major, Corps of Engineers; General Staff; 
M. Am. Soe. C. E. 
Discussion: A Two-Company Wield’ Work_--_- 223253 459-463 


DasNry, T. G., Member American Society of Civil Engineers. 
Diseussion of Methods and Cost of Damming the Hymelia Crevasse 64-65 


Ditton, T. H., Captain, Corps of Engineers. 


Building a Ponton Bridge in Swift Wateri__.- 2) 22330 686-700 
DOnF. 
Pivots in Defense: Their Size and Organization_.___ 32 sae 586-592 


DueGaN, T. B., Lieutenant-Colonel, U. S. Cavalry. 





Discussion: A Two-Company Pueld- Work 20a ee ai ae 463-466 
JDITOR. 

Gen. George Gordon Meade a Ne a Scien tae oe a 493-496 

Gen. George Brinton McClellan iW. 202 eee 607-612 





HHRNBECK, A. R., Lieutenant, Corps of Engineers. 

Japanese Views on the Attack and Defense of Field Fortifications 122-128 
ENDRESS, William F., Lieutenant, Corps of Engineers. 

Notes on Searchlight Mirrors at the Engineer School___________ 28-56 
rigs, A. A., Major, Corps of Engineers; Mem. Am. Soe. C. E. 


Comments on ‘‘ A Two-Company Field Work’’ and preceding dis- 
CUSsiONS = eee cA a oe 220-2. eee 476-479 





GERHARDT, C., Major, U. 8. Infantry. 
Discussion: A Two-Company Field Work___..-- 0 soe 468-469 


HAFERKORN, H. E. 
Selected Articles of Engineering Interest ee Vili-xix 





(Preceding contents of each issue. ) 


HAuu, J. E., Assistant Engineer. 


Rock Drilling, Tuscumbia Bar, Tennessee River___2_)o2 ese 545-558 


Harts, W. W., Major, Corps of Engineers; M. Am. Soe. C. EH. 





Improvement of Rivers____________ (ost. 139-161 

Discussion: A T'wo-Company Field Work—=_______-) = ee 456-459 

Notes on Field Fortifications. -___.__2.. 12 519-544 
HAvUSHOFER, K., Major, Bavarian Army. 

A. Japanese Winter Bxercisel.___i__- 322-2 ee 650-672 
KELLER, C., Major, Corps of Engineers; M. Am. Soe. C. E. poe 

Break in Illinois and Mississippi Canal at Aqueduct No. 4--____- ‘195-191 8 

Test of Anchor Bolts at:Keoknk, lowaL 22 ~25e2 489-492 


Kerr, L. Y., Assistant Engineer; M. Am. Soe. C. E. 
Discussion: Methods and Cost of Damming the Hymelia Crevasse. 74-77 


INDEX TO VOLUME V iil 


KUHN, J. E., Lieutenant-Colonel, Corps of Engineers. 
mesures. A “lwo-Company Field Work W212 2202.22. 7s2 454-456 


LANGFITT, W. C., Lieutenant-Colonel, Corps of Engineers. 
UR EL Sire, Pet ET et eae a dd ee is | Gee 339-364 


MADERE, E. L., Junior Engineer. 
mene oriat. Hales Bar Dam... -- ee 78-82 





MAHAN, F. A., Major, Corps of Engineers, Retired. 
Organization of the Services of Public Works in France__ 99-121; 230-246 


MaTrHeEws, E. R. 
Coast Erosion and Protection______ Co eRe ree Soe ee een tere) 91-98 





McCuintock, R. L., Brevet Major, pv. 8. 0., Royal Engineers. 
ne aI TAL ROG 8 af 1 gles a ener gL che Nee 559-562 





McDonoueu, M. J., Major, Corps of Engineers. 
Diseussion: A Two-Company Field Work______---__-_--_----.. 448-454 





McWuorrter, R. B., Junior Engineer. 
Pen tondat ti les> arama ee ee 78-82 


OAKES, J. C., Major, Corps of Engineers; M. Am. Soc. C: E. 


Semmretror eis NG. 48 55242 ee ee pee Ls 04 
Failure of Coffer at Lock and Dam No. 48, Ohio River_______-__ 603-606. 





PARKER, Frederick Yancy, Assistant Engineer; M. Am. Soc. C. E.; 
M. West. Soc. C. E. 
Miesissippi: River .Gagings by Rod Floats__-_.--.._._.___--__- 724-738 
PiuussBury, G. B., Major, Corps of Engineers; Ass. M. Am. Soc. C. E 
Deflection of Unstiffened Suspension Bridges_._____.____-_.._-_. 709-718 





RAYMOND, R. R., Major, Corps of Engineers. 
MeL PUN  n TOLTACLOL. hao oo el 330-338 





Roperrs, '!'. P., Principal Assistant Engineer; M. Am. Soe. C. E. 














Pros and Cons on the Forest and Flood Question____~__~~_- 568-585 
SoeuseRT, H. (i, M. Am. Soc. C. E. 

Sereetien-Celiio Caral 222 2 er ae Se 378-414 
SHERRILL, C. O., Captain, Corps of Engineers. 

ememsta por oni bamas 2. 2 ar Pe bee eke 1-27 

Discussion: Methods and Cost of Damming the Hymelia Crevasse__ 65-74 

Beceussion: A. Fwo-Company Field Work.__-.--.--2-.---.<.-2- 471-472 
SmitH, G. H., Major, C. M. G., Royal Engineers. 

Field Girder Bridges_____-- Pe apenas ONE RES 563-567 
SPALDING, G. R., Captain, Corps of Engineers. 

misenussion: A’ Two-Company Field Work--.---2--_1s=2---=--- 448-454 


Taytor, G. A., Lieut., Australian Intelligence Corps, New South Wales. 
The Highway of the Air and Its Military Engineering Problems_— 162-170 


Towrr, M. L., Assistant Engineer; M. Am. Soe. C. E. 
Rebuilding Jetties at Humboldt Bay, California___-_-----~--~~- 499-518 


INDEX TO VOLUME V 


IV 


TOWNSEND, C. McD., Colonel, Corps of Engineers; M. Am. Soe. C. E. 


Gontrol of River.Ploods_-2+-~2_s2e54=5.3-3 = 419-429 
‘WALKER, M. L., Major, Corps of Engineers; M. Am. Soe. C. E. 

Discussion: A Two-Company Field Work =_--.2 [22 S2 33g 466-468 
Wixpy, F. B., Captain, Corps of Engineers. 

A Two-Company Field Worku.+2_-_-__- 2-22 430-448 

Discussion: A Two-Company Field Work--<_u22:22 23 eeeoee 479-488 


Il. CWitles and Subjects. 


























Page 

Aeronautics— 

The Pifth ‘“Armlo. 2: 22ee oes ee rae 162-176 
Bibliography of Engineering Articles— 

Preceding contents im each’ numbers ==) 2 osese as a ere ea 
Biographical— 

John Gross Barnard ee % a fi. SS eee ew 83-90 

Gouverneur Ikemble Warren Solace CS ee 199-212 

Simon Bernard = oie SS “d ¥ a. 306-314 

George Gordon Meade__ 2.205225 =) See ee ee 493-496 

George Brinton MeClellan_ ae joe eae oe 607-612 

Claude Crozet __ 5 Bava, Sis Ai 5 ee 719-723 





Book Reviews— 
‘CA Staff Officer’s Scrap Book.’’ By General Sir Ian Hamilton__ 366-368 
‘“A Critical Study of the German Tactics and of the New German 
regulations.’’ By Major de Pardieu. (Translated by Capt. 





Go OE Martin ja os Ss nee $s. eli ae ees 
Breakwaters and Jetties— 

Rebuilding Jetties at Humboldt Bay__-____________ 22 eee 499-518 

Cross-sections of Breakwaters wt ee 673-685 





Bridges, Military— 

















A Portable Field Girder ooo. kt Ska ae 559-562 
Field: Girder Bridges: 2.2222. 222-2 Ae ee eee 563-567 
Some Hxperiments in the Use of Bamboo for Hasty Bridge Construe- 
tion mopr e Po eaten ee ee 593-602 
Building a Ponton Bridge in Swift Water______2__)) = eee 686-700 
Deflection of, Unstiffened Suspension Bridges_________1_-- == 55535 709si ie 
Canals— 
Break in Illinois and Mississippi Canal at Aqueduct No. 4---------- 195-198 
The. Dalles-Celilo Canal.__2-- 2) ee 375-414 
The: Colbert. Shoals Canale: 22 se eee > tS oe 613-649 
Caisson. Work at’ Hales Bar Dam_2..o_24-5 Jee 78-82 


Construction Plant— 
The Dalles-Celilo Canale.) 52 406-410 
Roek- Drilling, Tuscumbia cBar.. ..._. 6 oe 554-556 


INDEX TO VOLUME V Vv 
Dams. (See Locks.) 



































Dredges— 

fmol redce, Mobile tWarbor_s- 2. = 25-26 
Editorial Notes— 

nroit eit tol yee Pe ee Ss Edin) seats PEE 129-130 

fener ack, Accident in Welland Canali. o-._ 28 130 

EER 1G eon ree an eS ee 247 

Si oe ae) fs aaa og ee ee ee eR ey 247-248 

a LE gS aS a ES ee iL a 370 

UNO TET GC VICG8 (oa 2 ee ee ed 370-371 

TIS SE 3 a a ee a 371-374 
Errata— 

MmemoneLor paces 710 and 713, Vol. [Vii2 le es 248 

Morections Lor pages 33, 145, and 184_._-_-_-_._ ne ee 374 

orrecsions tor pages 200, 253, 265, and 278____2- 2+ E 374 

Pieerdonseror pages 473, 477, and 479..-- ..-_.. 2 3 se 496 
Foundations— 

Caisson Work at Hales Bar Dam-_____ oP AS See ee ete. WES-Oo 

Comments, Failure Navigable Pass, Dam No. 26, Ohio River____-- 323-329 
Field Fortification— 

pepanese Views on Attack and Defense..___. =.= ---i___..2_- 122-128 

ML ae dye oN ee SE on a et ne a 162-176 

Berona-Company hedoubt-—----. -----_+._+----_= oe eet 3 Lee AO LSS 

Se enous ield Mortification. c.---_--____.---._2._- PS. ee Dl O-544 

Eavoteein. Defense: ‘heir, Size and Organization. __..---._-=_.-2 586-592 
Floods— 

DERM RV Ore O00. 2.45 ef ste ee 419-429 

tos and Cons om the Forest and Flood Question_--._..____--__=__ 568-585 
Forestry— 

Pros/and Cons on the Forest and Flood Question___________----_- 568-585 
Gaging— 

fuse haver Gapinos by Rod: Wloates. 2. -------.- 2.42.55 724-738 
Harbor Improvement (Domestic )— 

See er Cow A labaias 2 2 a ee ee re eee 1-27 

uniewovements in Mast. River, New York: 222 --+..i=--_---.-. 249-279 

MMPrem es turingsOls fides. 26.2 Se eS ee ee ee 280-291 

Rebuilding Jetties at Humboldt Bay__-----~--- ee eee ees 4902518 

BEEEe nine Of break waterst- 24 = 4 3 eee 673-685 
Harbor Improvement (Foreign)— 

DAC tn tea er OLOCL Olas a ee ee ee 91-98 

MeErctone Lock ilitverpoolos__.- 5-4 488 


Jetties. (See Breakwaters. ) 


vi INDEX TO VOLUME V 


Locks and Dams— 





Osisson Work at Hales Bar Dam. ~.=--+-_-_--2 2522S 78-82 

Ohio River Dam: No. 48_2_..---2 +=] 4-- = 2 5 177-194 

Failure of Navigable Pass, Dam No. 26, Ohio River--_-------____ 315-329 

The- Dalles-Celilo Canal_.____2--.22—__--== 4 2 398-402 

Failure of Coffer at Lock and Dam No. 48_____ = -___ = ae 603-606 
Levees— 

Repair of Hymelia Crevasse____---------------~------------—_-= Dt= cL 

Gontrol of Floods__.._-.2 832235. 22 = 426-428 
Militia— 

The Australian Militia System____~.--___ =... 701-708 
Ordnance— 

The=New italian Field) Gun= 222 2 eee _ wees eee 

Views of Mortar Shells in Flight_-___-________ 2 _ ee 414-418 


Public Works— 
Organization of the Services of Public Works in France____ 99-121; 230-246 


Photography— 
Equipment for District Photography_______-___ -_2_3 5 


Repair of Hymelia Crevasse in the Mississippi River_____-_-__" 2s 57-77 


Reservoirs— 
The Georgetown, Reservoir’ _--224:)__.+_-__.212_ = 131-138 
Control of Floods. =e eS eee 423-426 


River Improvement— 
Methods and Cost of Damming the Hymelia Crevasse in Mississippi- 57-63 


Discussion’ on above... 2-2 64-77 
Improvement of Rivers. _--)-s._4.- 2 _ S25 2 139-161 
Ohio River Dam No. 48_.--_-____ "es. += 177-194 

- Failure of Navigable Pass, Dam No. 26, Ohio River_____~_-=====5 315-329 
The Dalles-Celilo Canal 2 22.2222 se 375-414 
Control of River. Floods. —-..-_.___-_ 2225 419-429 
Roek Drilling, Tuscumbia Barl2 2_—.--__-__-__= 3 545-558 
Pros and Cons on the Forest and Flood Question____ +22 -202 = 568-585 
Failure of Coffer at: Lock and Dam No. 48__-_____2 2 ae 603-606 
The Colbert Shoals (Canal. 22.22.5222 6 ee 613-649 
Searchlights— 
Notes. on Searchlight Mirrors__2__-_ = s___ 2. ee 28-56 
Surveying— 
New Quadrant. Protractor _..2 0 u-.-_.3. 4 ee 330-338 
Tides— 
Tidal Movements in East River, New York i: 1/2 Sees 249-279 


Effect. of Storms. on “Tides_.._ ua SS eee 280-291 


-~ a 


INDEX TO VOLUME V vil 


Tactics and Tactical Exercises— 
Japanese Views on the Attack and Defense of Field Fortifications__ 122-128 


LESTE © Bl ee gg a a i a es oc a er a ee 163-176 
Tactical Advantages—New Italian Field. Gun ________-__-_____- 302-305 
eerie coeeOLe LGNches. 9. oo ooo se ee a 20-534 
Pavers in Vetense: Their Size and Organization__-___L_-____s--__ 586-592 
Supeear ecbor ICH Mxercise. 5 le ae ee 650-672 
Vests of Materials— 
PME IOUGT GIS Ol. 00) oe ek ee ie 489-492 
AQ 2s Skee se Se ee ee Te re 598-602 
Seen aE rum placements. 4 = be Se 369 


Water Power Development— 
SIE rT) Wee eg ee ae ee 339-364 





DECIR eG Olt Cy ean aL ce. 2 eh ee ee ee oe ee 402 
Wave Action— 

Paasmetrosion and. Protection 2.2 wee NE eS ee 91-98 

Cross-sections of Breakwaters to Withstand Wave Action________ 673-685 


Water Supply— 
PAE CevoLOW i NeOseryOl ina. as So ee ee 131-138 
fan aS IE EE 22 pa et ee Sp ese cy eee ee nec a e ae 339-350 












PROFESSIONAL MEMOIRS 


Corps of Engineers, United States Army, and Engineer Department at’ Large 

















Published bi-monthly at the Engineer School, Washington Barracks, D. C., by the School 
Board. Nove: Authors alone are responsible for statements made and opinions ex- 
pressed in their respective articles. 








ViOlie JV. JANUARY-FEBRUARY, 1913. f No. 19 








Contents 


Seino lee timmee te AMry Ts Crise ANDAR AMEAS, ARS nis soe Bee lon buenas preteens o le.ehel oe -« 1-27 
By Capt. C. O. Sherrill, Corps of Engineers. 

2. NOTES ON SEARCH-LIGHT MIRRORS AT THE ENGINEER SCHOOL 28-56 
By Lieut. Wiliam F. Endress, Corps of Engineers. 

3. METHODS AND COST OF DAMMING THE HYMELIA CREVASSE 


ON TMIST Sh NWR BSNS MRSS 922) 6) Real 6) El Og & tee ae Be, Vi mane a te a a 57-77 
Reprinted, by permission, from Hngineering and Contracting, Sept. 18. 
ALE tice reas SILO EN COE Eee cg Ree, erage ee ka ws cipe RAK: sales, orev: Sal ten SH) Ain Or ehaMeceas, «jello. oF des 64-77 


By Mr. T. G. Dabney, Chief Engineer Yazoo-Mississippi Delta Levee 
District, M. Am. ‘Soc. .C. E.; Mr. Luther Y. Kerr, Assistant Engineer 
M. Am. Soe. C. E.; and Capt. C. O. Sherrill, Corps of Engineers. 
Powis OO Ne VORK CAT. HAULS “BAR? DAM). 9 itt. Gace ew ce etee bons 78-82 
By Messrs. E. L. Madere and Roger B. McWhorter, Junior Engineers. 


5. BIOGRAPHICAL MEMOIR OF JOHN G. BARNARD (See frontispiece) 83-90 
By Brig. Gen. Henry L. Abbot Corps of Engineers (Retired). 
6. RIVHR AND HARBOR NOTES FROM FOREIGN LANDS............ 91-98 
Rosse ROSONE TAN Das ROLWTOLTLON «ts saretsenan viens sted aials @etestg jee aid ws ce = 91-98 
Pim vires Hrneste-h. Matthews, A.M. Inst. C-b.,<. BF. RoS. (ids); E.R: 
G. S., F. G. S., Borough Engineer of Bridlington. 
Reprinted, by permission, from Engineering, August 30, 1912. 
7. ORGANIZATION OF THE SERVICES OF PUBLIC WORKS IN FRANCE 99-121 
Translated by Maj. F. A. Mahan, Corps of Engineers (Retired). 
Translation of ‘‘Organisation des Services de Travaux Publics en 


9 


France,’ by M. Campredon. Brought up to date by the translator. 
8. JAPANESE VIEWS ON THE ATTACK AND DEFENSE OF FIELD 


1 Co me CO OO Ordo Co 


PEACE SAA MnN ag: CooseAw 1G) IN ems eee eee ee MSN ire 3 Sorat cova wviaite a uest ls CEC eo AW prereset caked & 122-128 
Translated by Lieut. A. R. Ehrnbeck, Corps of Engineers. 

SEOUL br - GON iO) BLOF Ton rene ntetan “. br ORG CCHS ee en CE oOROn Gice ea a ae 129-130 

Arr eD CH NTO TR Gt Nae h OL cte, os SUMaR.-aUS Diao cslshrore tvs esl lens ovejeereis oce este y's © Qtnrsie 129-130 

eel REG SEH: WUC od Weep eee ond AM Ro coon alin ies) ais eeeiar dais cc eke, Sarees pre et ose Mee-s 130 
Oe NO Lan ha OCK ACCIDENT IN WELLAND GCANATI. o.0 22 ec. eee 130 

From Marine Engineering of Canada, November, 1912. 

Bllustrations 

Stormin a mere NCODTLOe tl AT DOIy am. ci cde cicbsceec ie oc s wiscie ego ehestel sos 'scaj ea le Bf'eslece ee) « 3 
Curves showing total frequency of winds and total wind movements.......... 7 
Panic saan eopstructions: » Mobiles Harbors... . cs wis «6-0 bee oe = et slale se we ss 11 
Sete ODOM LP ATOOIaes Riots eae ect eh vot cle ota) Sin cis Yous secede BUti ees wedilads hei duauavere aie 15 
Single piece mirror, 24-in.; segmental mirror, 30-in.; and gold mirror, 30-in. 32 
iar acer Orme LIMO MOS (sti ions arc a sehoreters Piet ecte eal iste s fo ahS iisie ¥ swear doko le kame 33 
Mroncimanttomopilen search-licht on the TOA 6. coves. cles ce ote see ee se sss = 41 
Prencheautomopile. search-licht under operation... 2.2.6 Geese cee ee ee 43 
Germanmanmto-searchlicht owith G:60 projectOr 1% 2k .cfewe.. soe ee cee we ees il 
Sea eae CTE MUN UEL LLG wept ee Ne ce sys. 5-0: sheesh oe ose Gitlin edeate'd obs, Wile ames fee bra Shavers 5 
bepiimerin CEP) tea Tins = 5 BR a ae sem eee one Gi a MP Cre ct ear a oar i iP 5 
MeO OMDOW CELUI IG tree isis, ccta cele tials sl) chareteia no Sie, «ees elle) ae oad halons ey 5 
View of timber dam constructed to stop Hymelia Crevasse, Mississippi River. 5 
Details of timber dam, Hymelia Crevasse, Louisiana BO eet ALN ae eatuedch russel 5 
Crevasse from south end, looking HORAEG CELVEEPRT ROL Lit aa cone. 6 
Sand-bag spur protecting levee on land side from reverse current of eddy.... 63 
Prrerond wrLOre Dlacin a: ON CNG vOL lCVECR, 1. a. jcjo sre ss os «8 Sis eels Sees ines 65 
Construction of battery of four pile drivers and character of open crib...... 67 
wemeporary protection crib for. holding levee end............5022 2 cece ine 68 
arm CUMMRES CUT RPP een det hasta Hace rah ovaj ci cues. oats al overeat eis) eo ae tel! oie, see ee ais telrs 69 
TE CL TUM rN ieee otek, cise, ctr, ate O Roeha ra Red ae Sasc Helse tele sw. oles Teh ole ledete ss wg eth qa) 
ene UT -© 1 MO ome Arete ag sks ere rms Fane oF OS oe dor erie ayrerey el aks eR RL oy ol gilty eye fais oysters ys 8 73 
Steel reinforcement of concrete at bottom of caissons................0....00- 79 
Pere ame plan) Of pfOUNCAtION.& Wes 2 yt e ateirle c)s cbels 2 # s seusur selene 6 os 80 
Hales Bar Dam, caisson foundations ............. cee eee eee tee eee eee eens 80 
Pare Dain Caisson  TOUNGALIONS!: «. 26 epeacesicls chew 5 6 cic ere cle © crcl is ioe oie wie 81 
ialesmiare Dam, spaces between foundations... 2.0.0.2 0 21s ee eet cess 81 
New Victoria sea defenses; Waves breaking against sea wall, Bridlington.... 93 
Breaking wave at Bridlington; Back-wash meeting incoming wave.......... 94 
Breaker advancing against off-shore gale; Wave action from on-shore gales. <- 95 
vem im WwAVelTrOMs ON-Shore.) Pale... osc e 2 le es + Shee owls oe wie os ee sls ie 96 
Wave at Bridlington; Wave at Hastings; Wave ate SCaLOOLOUL Dm roet ketene ae ai 97 





Subscriptions, $3.00 per year in advance; single copies, No. 13 and later issues, 50 cents. 
Advertising rates on application. Address ‘communications to PROFESSIONAL MEMOIRS, 
Washington Barracks, D. C. 





esate 


ae ee 


Keele 
Wr att fod 
ee 


te 


COR 


i 
mae 
SR 
a 


“ 
3 


imine i 
ions 
se er . 
Baek ibn 
pees aay 


Ee 


LSS Ne 


>; 


Pata 


a 


wate” 


e 


2 
x 
@ 


Vader 
Saye. 


EWM AA ENN 


SO aEN es 


a, 
ke 
< 


ASS 
Si 
Sen Sen 
a 
Sy 
SSR: 


Sa 
eS 


ates 


ids 


elie 





GEN.JOHN GROSS BARNARD 
CORPS OF ENGINEERS, UNITED STATES ARMY 
1833-1881 


BORN 1815—DIED 1882 
SEE P. 83 


HHobile Harbor, Alabama 


BY 


Capt. C. O. SHERRILL 
Corps of Engineers 


Mobile is a city of about 52,000 people, situated in southwest 
Alabama at the outlet of Mobile River into Mobile Bay. It is the 
only seaport of the State and the most important one on the Gulf 
east of New Orleans, both in tonnage and value of its maritime 
commerce. 

The country naturally tributary to Mobile is the whole Alabama 
River Basin, about 33,000 square miles, including the greater part 
of Alabama, eastern Mississippi, and western Georgia. This basin 
has an average rainfall of 54 inches, making a total of 28 cubic 
miles of rainfall annually. This volume of water is carried 
through the Oostenaula, Etowah, Coosa, Tallapoosa, Little Tom- 
bigbee, Black Warrior, Tombigbee, and Alabama rivers into Mo- 
bile Bay through the Mobile River Delta. 

Being thus favored by nature in its location at the outlet of the 
largest river system in the United States, except that of the Mis- 
sissippi and the Columbia, with over 1,000 miles of navigable 
streams behind it, Mobile should be able to secure a large share of 
the tonnage passing through the Gulf ports and the Panama Canal ; 
especially with the coaling facilities which should be developed as 
a result of the canalization of the Warrior and Tombigbee rivers 
into the coal fields of the State. 

Mobile has an interesting history, varied as it is into periods 
under five consecutive flags: Spanish, French, British, Spanish, 
and American. Mobile Bay was first visited by Europeans in 1500, 
and in 1519 the Governor of Jamaica sent an exploring party along 
the Gulf Coast under Pineda, who named the bay and river ‘‘ Espi- 
ritu Santo.’’ In 1558, Bazares came from Mexico to explore this 
territory, and in 1559, the first settlement was made by Tristan 
De Lima. Two Frenchmen, Iberville and his brother Bienville, ex- 
plored Mobile Point and Dauphin Island, in 1696, and made al- 
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lianees with the Choctaws, which formed the basis of the powerful 
French influence throughout the Mississippi Valley. Bienville, in 
1702, located Mobile (named for the ‘‘Maubila’’ tribe of Indians) 
at the mouth of Dog River, but, due to an inundation by storms, the 
town was shifted in 1711 to its present site. In 1763 the British 
captured the town, then called Fort Condé, and named it Fort Char- 
lotte, holding it for seventeen years when it was taken again by the 
Spanish. General Wilkinson finally captured Mobile, in 1813, 
and incorporated it as a part of the United States. 

From 1818 to 1860 Mobile grew rapidly as a cotton port, reach- 
ing its greatest prosperity just previous to the Civil War when 
800,000 bales of cotton were received. Following this war there was 
a steady advance until the panic, 1873, brought business to a stand- 
still for eight or ten years, since when there has been a slow but 
steady growth. The building of railroads, the opening up of ad- 
ditional harbors on the Gulf, and the failure of the city to secure 
factories, have been the principal causes of the slow growth of this 
port. 

Mobile Harbor is taken to include Mobile Bay and Mobile River 
for about 5 miles above its mouth. It is essential therefore, in a 
study of the development of this harbor, to become familiar with 
the characteristics of both river and bay. Mobile River is formed 
by the confluence of the Tombigbee and Alabama rivers, 45 miles 
above Mobile. From this junction the flow is limited to a single 
channel for 5 miles, then at successive cut-offs the river divides 
into a number of estuaries which, under the name of Mobile River, 
Spanish River, Apalachee River, Blakeley River and Tensas River, 
flow into the Bay through a flat, partly wooded and partly marshy 
delta of 250 square miles area. The more westerly one of the 
minor estuaries, Spanish River, always had, in its natural state, a 
deeper and more uniform channel than Mobile River proper; so 
much so that previous to Government improvement of this harbor, 
vessels came into Mobile by the roundabout route up Spanish 
River, then down Mobile River to the docks. The earliest recorded 
available depth in Spanish River was about 8 feet, whereas across 
Mobile River Bar (Choctaw Bar), the depth was searcely 51% feet. 
After a detour to the east, Spanish and Tensas rivers again ap- 
proach, in a south-westerly direction, the main channel as it enters 
the Bay, and thus their combined flow helped to keep open the old 
channel from the mouth of the river to the elbow (Beacon 16). On 
the other hand, the waters of Mobile River passing into the Bay and 
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simultaneously meeting the stronger currents of Spanish and Ten- 
sas rivers, were robbed of their velocity and converted into an 
eddy, which caused the formation of Choctaw Bar. 

Mobile Bay is an arm of the Gulf of Mexico, having an area of 
375 square miles. It extends from the outer bar 30 miles inland, 
with a width varying from 60 to 20 miles, and a natural depth de- 
creasing from 57 feet opposite Mobile Point to 5 or 6 feet at 
Choctaw Bar. In addition to the above-mentioned rivers, there 
are two small streams entering the Bay on the west. These are of 
little importance as silt bearers. Extensive borings to a depth of 
26 feet, made in 1878, from Mobile to the lower anchorage, indi- 
cated the same conditions of bottom for given depths, viz: sand 
mixed with mud and shells to a depth of 14 feet; below this, to 26 
feet, a stiff, tenacious clay, hard on top, growing softer below. 
The same formation was found on the bluffs on the western shore, 
the clay being about 12 to 15 feet from the surface or at the water 
level. The surface strata in the Bay has a specific gravity of 
about 1.3. <A line of levels made in 1878 from Cedar Point to the 
Mobile and Montgomery Railroad bridge indicated a fall in the 
water surface of 0.75 foot in 46 miles. Sediment observations gave 
an average of 100 grains per cubic foot of water in the rivers. 

The discharge of the Bay passes into the Gulf of Mexico between 
Mobile Point and Dauphin Island, and into Mississippi Sound 
south of Cedar Point. The dredged channel extends from the 
23-foot contour in the lower Bay northward along the line of 
deepest water to Chickasaw Creek, 5 miles above the mouth of 
Mobile River. This channel is generally straight, except for the 
two bends in crossing Choctaw Bar; and this section is being 
straightened under the present project. 

At the lower end of the Bay is an area of 8 square miles with a 
depth of 24 to 40 feet, forming a safe and commodious anchorage, 
where it has been the custom of vessels to complete their cargo from 
lhghters, having loaded to their available draft at the docks. 

The volume of water discharged into the Bay by the Alabama 
River system averages about 100,000 cubie feet per second, and the 
discharge from the Bay during the falling tides is about twice this 
amount; this outflow kept the outer bar scoured out to a depth 
of 22 feet without improvement. The current across the bar 
varies greatly, depending on the direction of the winds, and at 
times reaches 5 or 6 miles per hour. From the fact that the silt 
carried by the rivers is largely deposited on the bars at their 
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mouths, extending them at the rate of 100 feet per year, the outer 
bar gets little accession from this source. 

The natural tendency of this channel from the Bay into the 
Gulf of Mexico is to move westward, due to storms and normal 
littoral currents. This is shown in the changes that have taken 
place since observations began. From 1850 to 1892, the channel 
moved west 1,500 feet; from 1892 to 1902, this westward move- 
ment was 1,000 feet. The width of the 30-foot channel opposite 
Sand Island light has increased from 1,250 feet in 1850 to 1,900 
feet in 1908. Formerly, the western edge of the 30-foot channel 
moved west faster than the eastern edge, but since 1892 the east- 
ern edge has moved from 20 to 50 feet per year faster than the 
western edge, showing a rather rapid shoaling and a slow shifting 
of the channel. The deepest and widest portion of the channel is 
found off Mobile Point, where depths of 30 to 50 feet extend over a 
width of 2,000 feet. 

The depth of 22 feet naturally existing over the bar has been in- 
ereased by dredging since 1903, until now there is 28.9 feet at 
mean low tide, with a tidal range of 1.1 feet. 

The following table gives the shoaling since 1903: 




















Years. Depth. Dredged total. Shoaled. 
ty Feet. Cubic yards. Cubic yards. 
eer serie ate A ye 25 288 ,542 28,000 
DRIER MRE yl Se 27 333,565 156,000 
CU Be ke Se 29 204,221 61,000 





As will be observed, the rate of shoaling was greatest immediate- 
ly after the storm of 1906 and was probably due to readjustment 
of conditions following this storm, although ever since 1908 the 
shoaling has proceeded more than twice as rapidly as before 1907. 
This 1906 storm submerged Dixie Island, on the east edge of the 
channel. 

Between 1850 and 1892, the outer 30-foot curve marking the 
Gulf end of the bar in the extension of the natural channel moved 
out to sea 2,000 feet. Strangely enough, this outward movement 
has not only ceased, but the 30-foot contour shows a shght tendency 
to move inshore. The only plausible explanation of the consider- 
able extension of the bar, subsequent to 1850, is that due to some 
violent storm the entire outer part of the bar was cut off and in 
the following years gradually was extended to its normal position, 
which has been maintained from 1892 to the present. As shown 
by the figures above given, bearing on the condition and location 
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of the channel through the outer bar, the tendency of the channel 
westward is clearly established, its width from year to year is un- 
certain, but at present is growing less; the outer limit of the bar 
is stationary at present, but judged by the past, is lable to some 
extension or a considerable shortening as a result of storm con- 
ditions. 

The channel through the bar follows the usual rule, observed in 
regard to channels opening into tidal seas, of moving leeward, until 
the length of channel becomes so great and the rate of flow so 
checked that a breakout occurs through the windward side in the 
prolongation of the gorge of the pass from the Bay. Up to the 
present time no such breakout has been known to occur, as the 
westward travel of the channel has been slow compared with the 
similar movement of channels on the Pacific Coast where littoral 
currents are much more powerful and effective in the lateral move- 
ment of sand. There has been only one plan seriously proposed 
for keeping open this channel through the outer bar, the one fol- 
lowed successfully up to this time, that is: Dredging unaided by 
jetty construction. 

Charts prepared from Weather Bureau records show direction, 
frequency, movement (total distance of travel) and greatest velocity 
for a five-minute period of winds at Mobile for the five years ending 
March 21, 1911. An analysis of the charts shows that the pre- 
vailing winds are from the southeast. These winds also show the 
gereatest wind movement, indicating that the storms which produce 
the maximum sand movement are from the southeast. The total 
number of storms covered by the tables is sixty-one, lasting from 
five to one hundred and nineteen hours and having velocities vary- 
ing from 22 to 47 miles per hour. 




















Storm directions.| No. Remarks. 

South-East __| 24 Out of a total of 61 storms shown in the table, all except 6 
North-West 21 || were from the South-East, North, or North-West, and the re- 
Notth, 222 =. _ 10 || markable fact is that in all these years there was only one storm 
Baste i | 2/1) each from the South, West, North-East, and South-West. 

olor tyerpaee eel Uy Sk 

Wiesta 4 4 1 


Norio r sate 1 
South-West oye EL. 


The total wind movement in the five-year period is shown in the 
table and chart on next page. 
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Fig. 2. Curves showing total frequency of winds and total wind movements, at 
Mobile, Ala., Feb. 3, 1906, to June 27, 1911. Frequency of winds is shown in full 
line; wind movements are shown in broken line. Scale: Frequency, 1°=600 
days; Movement, 1”=30,000 miles. 
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This summary is conclusive proof of the direction of those winds 
having sufficient force to cause a considerable sand movement along 
the Gulf Coast, which lies generally east and west off the entrance 
to Mobile Bay. These high winds coming from the south-east move 
the sand westward along the shore and confirm Major Gillette’s 
theory that it is the storm waves that produce the littoral sand 
‘movement, rather than the tidal currents which, on this coast, are 
slight in view of the small mean tidal range, about 1.1 feet. How- 
ever, when there is a steady on-shore or off-shore wind for several 
days there is produced. a wind tidal range sometimes as much as 5 
or 6 feet. It has been claimed by some, notably, Professor Cor- 
thell, that there is an eddy current from east to west along this 
coast, caused by the Gulf Stream flowing eastward from the Bay 
of Campeachy toward the Florida Peninsula. It is very doubtful 
whether this current, assuming its existence, would be sufficiently 
powerful to carry sands; but storm waves breaking in deep water 
stir up the bottom of the Gulf and throw the sands westward along 
the shore. The actual conditions found on the Outer Bar as to 
shoaling and shifting of the channel (noted on page 5) agree with 
this theory of sand movement. 


REQUIRED DEPTH OF OUTER BAR. 


The depth of 29 feet now available over the bar is adequate for 
the needs of all navigation accommodated by the 23-foot channel, 
but a greater depth will be necessary upon the completion of the 27- 
foot project. This required depth depends on the wave heights liable 
to be met under any conditions of weather in which vessels can 
safely cross the bar. Assuming the greatest height of waves from 
trough to crest before breaking on bar as 6 feet, the deduction from 
mean depth for navigation purposes, due to the trough of the waves, 
wculd be 2 feet; consequently, for an effective depth of 28 feet 
over the bar, the channel depth should be 30 feet. But there are 
several other factors to be considered in determining the required 
depth of channel, such as maximum height of waves in which ves- 
sels can be handled, the ‘‘squat’’ and ‘‘pitch’’ of vessels, and the 
taking-off of pilots. It is considered that 5-foot waves are the 
greatest that would be met, on account of the difficulty of handling 
vessels and removing pilots. The worst storms are from the south- 
east, with currents parallel to the shore; these striking the current 
of the channel make the sea rough and choppy, and difficult to 
navigate. A vessel moving out at full speed draws more water than 
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when standing alongside of a dock, and this extra draft, called 
““squat,’’ of the vessel decreases the available depth. Vessels draw- 
ing 27 feet would have a squat of about 2 feet. An additional 
depth is required, due to the pitching of vessels, although for a 
vessel of 27-foot draft this effect is sight in waves of the height 
met in crossing the bar. 

The depth of channel across the outer bar proposed, in con- 
nection with a 27-foot channel inside, is 33 feet, which appears 
ample for all the needs of vessels making the port of Mobile. The 
demand for a depth of 35 feet has been made with considerable 
persistence of recent months, for the purpose of advancing the 
interests of Dauphin Island as a coaling station. It seems quite 
possible that in case ample coaling facilities should be installed at 
Dauphin Island, a considerable number of vessels using the Pan- 
ama Canal would be coaled in Mobile Bay on account of the cheap 
coal that can be secured from the Alabama fields and the nearness 
of this Bay to the Canal. On the completion of the slack-water- 
ing of the Alabama rivers, coal could be delivered at Mobile or 
Dauphin Island at such low rates as to be able successfully to com- 
pete with coal barged to New Orleans from Pittsburg. 


METHODS OF IMPROVEMENT. 


A study of the Harbor with a view to its improvement requires 
special consideration to be given the currents caused by the streams 
at the head of the Bay, which, as above stated, tend to the west 
shore. Theoretically, it would seem that a dredged channel, if in 
reasonably hard material, would not be difficult to maintain, except 
at the mouth of Mobile River and in the upper third of the Bay, 
where the influence of various silt-bearing currents would have an 
unfavorable effect. Confronted with this difficulty, engineers 
have prepared many plans in the past for securing the desired 
depths of channel into the Harbor. 

A State Board of Harbor Commissioners, in 1872, proposed to 
concentrate in Mobile River the flow of all the streams in the Delta 
and thus scour out and deepen Choctaw Bar (across the mouth of 
Mobile River) by partially closing Spanish and Tensas rivers, com- 
pletely closing Pinto Pass,and building a jetty south from the lower 
end of Pinto Point (fig. 3). The works in Pinto Pass and south 
of Pinto Point were practically completed in 1872. As had been 
predicted by a Board of Engineers, considering the whole Harbor 
situation, these works changed the regimen of Mobile River, set- 
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ting up a scour that was rapidly filling the channel through Choce- 
taw Bar; and to counteract this tendency Pinto Pass Jetty, as 
well as 200 feet of the lower end of Pinto Point Jetty, was removed. 
The results of these jetties emphasized the important principle 
that to attempt thus to secure a channel through the bar of a silt- 
bearing river flowing into a practically tideless bay, will result 
only in forcing the bar farther down into the Bay where the in- 
creased area of cross section allows a greater dispersion and con- 
sequent slowing up of currents and develops a bar with less depth 
than when formed farther up. Jetties are usually valuable only 
where the stream flows into the sea through a tidal basin in which 
the ebb tidal flow is powerful enough to keep the channel open, or 
where jetties are required to arrest the sand movement along the 
shore. 

Another experimental step in the improvement of the Harbor 
consisted in building a series of three spur dikes perpendicular to 
the shore in Garrows Bend, under the authority of the State Board 
of Harbor Commissioners. These dikes were built with a view to 
arresting the inward movement of sand around Choctaw Bar, with 
the result that during the suceeeding years the water shoaled 
rapidly along the shore in Garrows Bend, but left the channel un- 
benefited. 

Previous to this period of jetty construction there was much 
doubt felt as to the possibility of maintaining a channel in Mobile 
Harbor with as great a depth as 22 feet, and in 1880 a project was 
adopted calling for a channel 17 feet deep and 200 feet wide from 
the lower Bay to the docks, and an experimental cut 22 feet deep, 
100 feet wide, and 300 feet long on Dog River Bar. The result 
secured in this experimental cut led to the belief that a channel of 
22 feet depth with side slopes of 1 on 5 could be maintained. with 
little difficulty. 

In addition to the above, the following plans have been suggested 
in the past for providing for the commerce of Mobile Harbor: 


1. Making a harbor on the south side of Dauphin Island (fig. 
1) and connecting it with Mobile by rail. | 

2. Making a harbor on the north side of Dauphin Island, with 
railroad connections. . 

3. Making a harbor at Alabama Port with the same connections. 
(See fig. 1.) 

4. Making a canal inland from Mobile to Alabama Port. 

2. Damming all but one river, improving that one, and direct- 
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ings its discharge into the Bay with the expectation of its scouring 
its way to deep water. 

6. Using the tidal current for scouring a channel by training 
its flow between the entrance and upper end of the Bay between 
parallel walls. 

7. Dredging a channel through the Bay, following the lne of 
deepest water, and carrying the dredged material to a safe distance 
outside the channel. 

8. Dredging and scouring a channel through the Bay by dam- 
ming all but one outlet, contracted to a proper width, and training 
the flow between artificial parallel banks to deep water or tidal 
channel, and dredging out or stirring up all material that would 
not scour. 


It will be observed that plans 2 and 8 are still contemplated, but 
by private corporations, viz: The Dauphin Island Company and 
The South Mobile Improvement Company. The former proposes 
a 30-foot channel from the main ship channel into a dredged basin 
between Little Dauphin and Big Dauphin islands, where docks are 
to be built with special facilities for a coaling station. The South 
Mobile Improvement Company has commenced dredging a channel 
and building wharves at Alabama Port. Both these projects in- 
volve railroad connection with Mobile. Plan 5 (jetties and dams) 
was tried unsuccessfully by the State Board, as above described. 
No. 6 was out of the question, on account of its great cost and the 
difficulties to be met on account of the changed regimen of the 
river thus extended to the lower Bay. It has been found that the 
channel would require a slope of 1.8 feet per mile or a rise of 43.2 
feet from its mouth to Mobile, a condition evidently impossible of 
attainment, since Mobile is only about 20 feet above Gulf level. 
No. 7 is the plan that has been followed continually from the be- 
sinning of improvement, while No. 8 is a combination of Nos. 6 
and 7. Hach of these plans has had at various times its ardent 
advocates, some of whom have been prominent engineers. The 
main objection to the adopted dredging plan was that it would 
be impossible to maintain economically an open dredged channel 
in the middle of a large shoal bay, receiving vast quantities of sedi- 
ment, and subject to a complicated system of river and tidal cur- 
rents. 

The fact that the dredged channels described below have been 
economically maintained at all depths secured, demonstrates the 
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wisdom of the plan followed up to this time. No shoaling of any 
consequence took place in the Bay or on Dog River Bar from 1828 
to 1878, so far as the records show. A 10-foot channel was dredged 
in 1838-1839 across Choctaw Bar; this refilled at the rate of 114 
inches per year in the twenty-one years up to 1860. It has been 
found that the side slopes of the dredged channel, as measured one 
and one-half years after dredging, assume a slope of 1 on 5. In 
the 27-foot channel there will be about 1,000,000 cubic yards of 
shoaling per year, requiring about $100,000 per year for main- 
tenance, not an excessive amount for a channel nearly 30 miles 
long and some 17 feet deeper than the surrounding bottom of the 
Bay, especially considering the light character of the surface ma- 
terial (1.3 specific gravity). 


WORKS OF IMPROVEMENT. 


Between 1826, when the first appropriation by the General 
Government was made, and 1857 a channel 10 feet deep was 
dredged through the shoals in Mobile Bay up to the docks. Be- 
tween 1870 and 1876 this depth was increased to 13 feet, the chan- 
nel being dredged to a width of 300 feet through Choctaw Pass and 
200 feet through Dog River Bar. Between 1880 and 1886 a chan- 
nel 17 feet deep and 200 feet wide was secured; and from 1888 to 
1896 a channel 23 feet deep with a top width of 280 feet was com- 
pleted from the Gulf of Mexico to the mouth of Chickasaw Creek, 
3 miles above Mobile. The total amount expended up to 1899 
was $3,648,630.06, of which $115,000 was for maintenance. 

In March, 1899, a project was adopted for a 23-foot channel with 
a bottom width of 100 feet from the entrance of the Bay to Chick- 
asaw Creek. This project was completed in 1909 at a cost of 
$1,896,860.58, of which $610,832.07 was applied to maintenance. 
The outer bar was made a separate project in 1905 and a channel 
authorized 30 feet deep and 300 feet wide; at the present time there 
is a channel about 29 feet through the outer bar, at a cost of 
$173,004.55, of which $77,000 was for maintenance. The present 
project for Mobile Harbor, adopted in 1910, provides for a channel 
300 feet wide in Mobile River, 200 feet wide in the Bay, and a 
turning basin at Chickasaw Creek, 600 by 800 feet, all with a 
depth of 27 feet. 

Recent progress in dredging methods is illustrated by the decrease 
in prices bid for the work in Mobile Bay. In 1872, a contract was 
let for the dredging through Choctaw Bar at 30 cents per cubic 
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yard, bids ranging from 30 to 40 cents. In 1880, bids were re- 
ceived ranging from 12.3 cents up to 19.4 cents per cubic yard. 
In the last bids, opened June 27, 1911, the award was made for 
one section in the Bay as low as 5.38 cents per cubic yard and 9 
cents per cubic yard the river. This decrease in cost has been 
brought about by improvements in dredging machinery, but more 
especially by the competition of Government owned dredges. 


THE OBSTRUCTIONS. 


Early in 1861 the Confederate forces garrisoning the defences 
of Mobile constructed two rows of pile obstructions near the mouth 
of the rivers (fig. 3). Openings were left in the obstructions 
for the passage of vessels up Spanish River channel and Mobile 
River channel; these openings are shown on the map. 

The openings were protected by five 10-inch Columbiads and two 
7-inch Borrk guns in Battery Gladden at the channel elbow and 
in Battery McIntosh at the mouth of Spanish River, both built on 
artificial islands. No effort was made by the Federals to pass the 
obstructions, but a fleet of gunboats came up to them after the 
fall of Forts Morgan and Gaines and threw some shells into the 
eity. 

The effect of these obstructions on the channel is not definitely 
known, though they probably assisted in turning the flow of the 
river into the dredged channel and caused a more rapid accumu- 
lation of driftwood and sand on Choctaw Bar. The snagboat 
Demopolis has recently removed a large part of both rows of 
obstructions on the west side of the channel, in preparation for 
the proposed cut-off. 


LOGS AND DEADHEADS. 


No sack rafting or loose log driving is allowed in Mobile River 
under Section 15, Act of March 3, 1899, which provides ‘‘ .. . that 
it shall not be lawful... to float loose timber and logs in streams 
or channels actually navigated by steamboats in such manner as to 
obstruct, impede, or endanger navigation.’’ Nevertheless, there 
has been much complaint in the past, caused by ‘‘sinkers’’ from 
poorly constructed rafts. The principal variety of timber now 
forming the bulk of the export trade from this port is loblolly 
pine, which, when soaked, will barely float submerged, and conse- 
quently forms the most dangerous obstruction. It is often found 
that these timbers, when recovered by the snagboats, are full of 
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cuts made by propeller blades and often pieces of the blades them- 
selves are imbedded in the logs, showing the constant danger to ves- 
sels. 

SEWAGE DISPOSAL. 


Mobile has a system of gravity sewage completed in 1900 at a 
cost of $400,000, consisting of 50 miles of sewers 8 inches to 30 
inches in diameter. There are ten outlets into Mobile River at the 
foot of the following streets: Lipscomb, St. Michael, Dauphin, 
Conti, Government, Church, Monroe, Eslava, Charleston, and Del- 
aware. These sewers carry all waste and surface water of the 
city into the river, but up to the present time the amount of waste 
has not been in sufficient quantity to noticeably defile the river. 


COMMERCIAL. 


Mobile has the following railroad systems, giving ample connec- 
tions to all parts of the country: 

Mobile and Ohio Railroad Co., 926 miles; Southern Railway Co., 
7,496 miles; Louisville and Nashville Railroad Co., 4,349 miles; 
New Orleans, Mobile, and Chicago Railroad Co., 402 miles. 

In addition to the railroad connections, Mobile has packet lnes 
running to Montgomery and other points on the Alabama River, 
and to points on the Warrior and Tombigbee rivers. It is gener- 
ally thought that barge lines will be established between Mobile ~ 
and the Alabama coal fields on the completion of the canalization 
of the Warrior and Tombigbee rivers. This, however, is open to 
doubt, as up to this time no definite steps have been taken in the 
direction of handling coal by barges, although the project for 
improvement is well under way. It seems, however, that the 
barging of coal must inevitably become an important traffic, in 
view of the low cost of delivering coal by barge on board ships at 
Mobile, conservatively estimated at $1.25 per ton, including profit 
on mining. In the Warrior coal fields there are more than 
50,000,000,000 tons of bituminous coal eventually available to this 
river transportation. 

Mobile has ample foreign connection by means of regular lines 
of steamers to European, Asiatic, and South and Central Ameri- 
can ports, besides large numbers of tramps going to ports all over 
the world. In the calendar year 1910, 540 steamers with a ton- 
nage of 639,796, and 179 sail vessels with tonnage of 79,070 cleared 
from the port of Mobile. The number of vessels entering the 
port has shown a considerable decrease in the past fifteen years, 
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due partly to an increase in the tonnage of vessels used during 
that period; but since 1905 there has also been a decrease in ton- 
nage. 


TERMINAL FACILITIES. 


Mobile has a river frontage of 24,800 feet on the west side of the 
river; of this, about 16,000 feet are improved or easily capable of 
improvement. Five railroads own 4,087 running feet of improved 
frontage; the city owns about 1,000 feet and private citizens own 
the remainder. 

Of the improved property owned by the railroads, the Mobile 
and Ohio owns 1,160 feet, equipped with piers, slips, warehouses, 
and grain elevator, with docking capacity of 2,400 feet; the South- 
ern Railway has 320 linear feet, equipped with coal hoists, piers, 
slips, and warehouses, with docking capacity of 2,400 feet; the 
Louisville and Nashville Railroad owns 1,500 running feet, equip- 
ped with shed, with a docking capacity of 1,500 feet; the New 
Orleans, Mobile, and Chicago Railroad Company owns about 1,000 
running feet, equipped with piers, with a docking capacity of 2,000 
feet. The property of the city is equipped with sheds and has a 
docking capacity of 1,500 feet. There is some water front prop- 
erty improved by private individuals, but not equipped with ware- 
houses, and having no facilities for general trade. All the proper- 
ty on the east side of the river is privately owned, and is now 
undergoing extensive development. 

The Mobile and Ohio Railroad has on one of its piers a grain 
elevator with storage capacity of 250,000 bushels. The railroads 
entering Mobile have provided connections with many of their own 
piers, and freight is delivered direct from the railroads to such 
piers. The Mobile and Ohio, the Southern Railway, reach four 
piers to which their rails deliver freight, besides a coal pier. The 
Louisville and Nashville and the Mobile and Ohio have tracks into 
the fruit shed. The Louisville and Nashville also have tracks 
into the pier of the Mobile Coal Company, and this road has track 
along its entire 1,500 feet of water frontage. 

The Hieronymous dock has a docking capacity of 1,400 feet 
and the Turner-Hartwell docks have a docking capacity of 3,800 
feet; these are open to all business on equal terms, except that the 
cargo to Turner-Hartwell docks over certain railroads is charged 
fees by the railroads. The railroad wharves are open to general 
traffic when it does not interfere with the steamship lines. Re- 
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cently the matter of switching charges has been investigated by 
the Interstate Commerce Commission and orders issued to place 
all docks on an equality and open to the public on equal terms. 

A portion of the 1,500 feet of property owned by the city is rent- 
ed to the Mobile and Ohio Railroad Company; a portion ts used by 
river boats, the remainder is unimproved. 

It is stated that the charges at Mobile are in excess of those at 
Gulfport for harbor fees, pilotage, and tonnage. As an illustra- 
tion, to unmoor a vessel from up the river, place it in a slip and 
return to mooring costs $140.00, of which the deputy harbor 
master gets $20.00 for being present at the ceremonies of unmoor- 
ing and mooring; the tug gets $70.00 for standing by during these 
operations; the remainder is for docking and towing. In a tabu- 
lated list of expenses for pilotage, quarantine fees, wharf charges, 
harbor master’s fees, State tax, etc., of the principal cities of the 
United States, given in a pamphlet entitled, ‘‘Mobile: Her Trade, 
Commerce, and Industries, etc.’’ published some years ago, these 
charges were shown to be less at Mobile than any other port. A 
large fruit importer, Mr. Oteri, of New Orleans, La., was quoted 
in the Times-Democrat, in 1898, as giving the following cost at 
New Orleans and Mobile for a 500-ton steamer : 











New Orleans. Mobile. 

Wharfage 3322 222.2 eee $70.00. |. ee 
Harbor Master 22.332 23.227 ee 10.00°'| eee 
River Pilotus2l cose aoe eee 30.00 4. eee 
Bar. Pilot: cows Sep ae ee ee 70.00 $35.00 
Quarantine: Physictan] 222. eee 2. 35.00 7.00 
Unloading 10,000 bunches bananas .____ BUS te EK 300.00 200.00 
100 tons of coalisne= 2 eee eee ee oe Sete 330.00 250.00 
30,000 :feetsofs lnm Deri ee ee 300.00 130.00 
Miscellaneous’ trate his 2 oe eee 55.00 10.00 
Unloading.10,000 coctanutsase ae a eee 100.00 65.00 
‘Telegrams: fromy Jetty go = 2 oe a a 2.00 172A 
Custom Broketee i223 i ee eee ee ges) 4.00 

T Otal . cake eu cae sealer ee ee Ces eee $1,309.50 $702.25 











Present comparative charges are not so favorable to Mobile, ex- 
cept on the item of wharfage, as shown in the table on the next 
page. 
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At Gulfport, the charges are less on all items than at any of 
the other ports, except on towage. The low charges at Gulfport 
have been due, probably, to a desire to build up this port for the 
benefit of the Gulf and Ship Island Railway. Mobile has been at 
a disadvantage also in the matter of terminal charges on shipment 
through Mobile from the inland cities. For example, the Southern 
Railway and the Mobile and Ohio Railroad refuse to absorb the 
terminal and switching charges on these car-load shipments, un- 
less they are to vessels docked in the slips of the Mobile Docks 
Company and to the Mobile Liners, Inc. As an example, the 
following table shows how the railroads in reality give rebates on 
shipments to their favored connecting docks and favored cities: 








fi | Mobile. (L.| Mobile. (M. 
Aba lesa es & N.and N.| & O.and 
P Y | Galveston. O., M. & C. Southern 
M. & O. and 
when to com- | when to com- 


Southern Ry. peting docks) | peting docks) 





Grain, carload, minimum weight 
40,000 lbs., at 161% cents per 
100 Ibs. sien oe ee eee $66.00 $66.00 $66.00 $66.00 





Less terminal charges absorbed by 
railroads— 














Switching, per cat. 2. ee ee $2= to. SF $1.75 $200) <n ee 
Transferring or unloading__--_~-_ $4.00 $2.50 $2.50 |) 4 eee 
Wharfage, paid ‘by: -vesseliu2- sah eee $4.00 $2.00 |= 2 eee 

$6 to $11 $8.25 $6:50)) <2 neers 
Net earnings to railroads______ $55 to $60 $57.10 $59.50 $66.00 




















This practically forces the independent docks out of business 
and drives competing lines of vessels from the port, because all 
switching and terminal charges are absorbed on shipments to 
Galveston, Gulfport, and New Orleans. This discrimination is 
due to an arrangement of the Southern and Mobile and Ohio rail- 
roads with the Mobile Liners, Ine. and the Mobile Docks Co., as 
against the independent steamships and docks, including the city 
docks, and has been the subject of a recent investigation by the 
Interstate Commerce Commission. 
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Comparative Table of Wharfage Charges at Gulf Ports. (In cents.) 

















Mobile. | Galveston. New Orleans. | Pensacola. 
| 

Bagging, per 100 pounds_____-_-- 2 1% «| 1% 2% 
0 AS On 1 \%y 0 0 
Seeger. 1 O00 25 30 15 ee 
Cement, per 100 pounds_____-_- 1 1% % J 
Coffee, per 100 pounds___-___~-- 1 21% Ae ™ 
eg IS 3 1% 3) 1% 
oson-seed. nulls) __.-__________ 1 1% 4%, ie 
a 1 ] 41% Zs 
Fertilizers, per 1,000 pounds___~ 25 25 15 15 
Grain and grain products_______- 1-3 % % re 
OO 14 31% 3% < 














PROJECT FOR IMPROVEMENT OF MOBILE HARBOR. 





The present project provides as follows: 

‘‘a. The formation of a dredged channel 27 feet deep at mean 
low tide water, 200 feet bottom width in the Bay and 300 feet 
bottom width in Mobile River with side slopes 1 on 5. 

‘‘h. The formation of a straight cut-off from Beacon 22 to Beacon 
16 (see fig. 1, p. 3). 

‘*c. The formation of a suitable turning basin, 600 by 800 feet, at 
the mouth of Chickasaw Creek. 

“‘d. The construction and operation of two hydraulic dredges, 
one of which, the Wahalak, commenced work in March, 1911. 

‘‘e. The completion of the work in four years from July lst, 
1910, at an estimated cost of $1,802,548, including $100,000 per 
year for maintenance.’”’ 


This project follows the old channel, except for the cut-off be- 
tween Beacons 16 and 22, and was selected from three alternative 
locations surveyed in 1909. According to the data available, the 
selected channel will probably be the one most easily maintained ; 
it is also straightest and shortest of the three, involving a direct 
cut-off between Beacons 16 and 22 (see fig. 1, p. 3). Channel No. 
2 contemplated a cut-off from Beacon 18 to 22, with greater curv- 
ature than the one selected (No. 3) but straighter that the old 
channel (No. 1). 

The straight channel will facilitate navigation through the Bay 
and to an extent relieve ship owners from the inefficiency of pilots, 
through whose neglect or ignorance vessels are frequently run 
aground at the bends of the channel. Channel No. 3 is 1,241 feet 
shorter than the present one, and accordingly that much less to 
maintain. It is questionable whether the cut-off is more or less 
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expensive to maintain than the corresponding portion of the present 
channel, for there are arguments on both sides. More water from 
Mobile River will flow in the cut-off with less tendency to shoal, 
but there will be less flow received from Spanish and Tensas 
rivers. Moreover, the old channel was naturally deepest, indi- 
eating ease of maintenance here; but the obstructions placed 
across Choctaw Bar in the Civil War probably did much to keep 
the old channel open through the gaps left for that purpose. Be- 
tween 1903 and 1909, it cost an average of $5,000 per year to main- 
tain the section from Beacon 16 to Beacon 22 (one-tenth of the 
total length of channel), whereas the maintenance cost for the 
entire channel was about $90,000 per year, indicating a consider- 
ably smaller proportionate cost on this section than on the rest of 
the channel. <A dike on the east side of the channel would prob- 
ably decrease the maintenance cost, but the advisability of such 
a work can not be predicted until experience shall have been had 
with the new channel. 

The bottom width of the channel should be inereased to 300 
feet as a part of the maintenance work after completion of the 
present project. In a channel of 200 feet width it is difficult for 
two fully loaded vessels to pass without sheering, due to suction or 
to the nearness of the vessel to the bank of the channel. This is 
especially true of the vessels of 50 to 60 foot beam which will use 
the improved channel. A light draft vessel can hug the bank and 
thus pass a heavily loaded one with safety, and since the incoming 
vessels at the present time are generally not loaded or partly load- 
ed, the present channel width causes little trouble. As imports 
increase, the necessity for a wider channel will become more press- 
ing. This increase of width can be economically secured in con- 
nection with the maintenance work, because one large capacity 
dredge will be constantly required for this work alone, and a 
portion of its time can be devoted to enlargement. 

The width of 300 feet is adequate for the present commerce, 
but with the increasing length of vessels using the Harbor, say, up 
to 400 feet, it is evident that 300 feet width gives a small margin 
for turning, warping into slips, and for passing several small 
craft at once. The harbor lines are from 700 to 800 feet apart, so 
that a 500-foot channel would leave only 100 to 150 feet to be 
dredged by private interests in front of the slips on each side of 
the river to give a commodious harbor throughout. 

The material to be dredged in maintenance comes into the chan- 
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nel in one of the following ways: 1. Shifting silt of the general bay 
floor, due to tide and wind currents; this is independent of the 
width of channel. 2. Material ploughed in or sucked in by ves- 
sels running near the side of the channel; this is greater for the 
narrow channel on account of the necessity of vessels running 
closer to the banks in passing. 3. Deposits from the rivers; this 
will be greater for the wider channel, due to the greater decrease 
of velocity of the increased amount of water bearing silt. 4. The 
return to the channel of material deposited by dredges; this is 
practically independent of the width of the channel and depends 
on the distance to which material is carried for deposit. It is thought 
that where this material is deposited on the west side there will be 
little tendency to reenter the channel. Taking all causes of shoal- 
ing, the total yards of material to be moved in the total 
maintenance work is about the same for both channels. This 
view is supported by past experience in the maintenance 
work. As an instance, in the lower Bay the old channel 
was dredged to 150 feet width at bottom to obtain suitable side 
slopes in the very soft material found there; in the upper Bay the 
width was 100 feet, and yet in the lower portion the shoaling was 
less than 85 per cent of that in the upper portion. 


METHOD OF MAINTENANCE. 


The two essential considerations in designing a maintenance 
plant are (1) low total cost and (2) small hindrance to navigation 
by the working plant. Under the head of cost, must be considered 
the original cost of dredge, tender, and attendant equipment; oper- 
ation—ineluding depreciation, interest charges, ordinary repairs 
and overhauling. 

There are three types of dredges possible for this work: the 
spud dredge, such as the Wahalak, the sea-going hydraulic dredge, 
and the Fruhling type. Spud dredges are most common in the 
development of the harbors of the United States, both for original 
Improvement and for maintenance. They are very efficient for 
improvement work where the distance the material must be pump- 
ed is about 1,500 feet or less. For maintenance work the condi- 
tions are not so favorable for the use of these dredges. Being 
permanently attached to a pipe line on one side, it is necessary 
for passing vessels to take the other side and in narrow channels 
to move very slowly to avoid injury to the spuds or pipe line, due 
to suction. The dredge must ease off on its breast and quarter 
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lines with the loss of a certain amount of time. Where the dredge 
is working on the side of the channel opposite the pipe line a vessel 
of deep draft can only pass when the dredge stops work and shifts 
over on the pipe line side or else opens the pipe line for the vessel 
to pass. This objection does not apply to a great extent in 
Mobile Bay, because any widening of the channel that may be 
done must be on the side toward the dump on account of the posi- 
tion of the beacons near the opposite side. 

Maintenance work in general requires the removal of a thin 
layer of material over the bottom of the channel and thus necessi- 
tates a constant shifting of the pipe line. This is a serious objec- 
tion in the upper Bay on account of the difficulty of this shifting 
in the shallow water found outside the channel. Another disad- 
vantage of the spud dredge is that it is more unwieldy than the 
self-contained type and in storms of any severity is lable to suffer 
injury to its pipe line. This has occurred on more than one ocea- 
sion in Mobile Bay. One of the advantages of the spud dredge is 
that the work can be done very thoroughly, leaving no ridges or 
lumps, since the distance of each swing forward can be regulated 
with accuracy to the capacity of the pump. The spud dredge can 
not be used advantageously on the bar channel because of the im- 
practicability of using the pipe line in the rough seas usually found 
there, and a considerable amount of time would be lost in waiting 
for suitable weather to take the dredge out to the work. On the 
other hand, a hopper dredge is not suitable for the upper third of 
the Bay channel on account of the shoal water on each side necessi- 
tating a haul of 5 to 7 miles to dump. 

Hydraulic hopper dredges may be self-contained with their own 
propelling machinery or depending on a towboat to haul them along 
while material is pumped into the hoppers, and to tow them to and 
from the dump. The self-propelling type is cheaper in first 
cost, due to the fact that no attendant plant is required. A smaller 
working force is needed for the same reason, the men are all on one 
vessel and can be used on different classes of work, whereas the crew 
of the tow boat are not available for work on the dredge. The self- 
propelling type is easier to steer straight along the channel than 
the towed type, which is with difficulty kept in a straight line or 
put in a desired position. Both of these have the disadvantage 
of requiring water between the channel and dump from 10 feet 
upwards in depth. A certain amount of time is lost by a hopper 
dredge going to the dumping ground, varying with the distance, 
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whereas the spud dredge works constantly, except for delays due 
to shifting or break in the pipe line. The hopper dredge is most 
valuable in handling sand or gravel and least economical in moving 
light silt. The pipe line dredge works readily in all classes of ma- 
terial. In the upper portion of the Bay the material is largely 
sand, but the greater part of the channel is blue clay and silt of 
very light specific gravity and difficult to handle in hoppers. The 
sea-going type is not liable to injury in storms and ean be quickly 
brought to a place of safety when a storm approaches. This type 
is the best available for maintenance or improvement work on the 
bar. 

The Fruhling dredge is the most recent development in sub- 
aqueous excavation machinery and has some advantages over all 
other types of dredges, especially in removal of soft mud so fre- 
quently found in maintenance work in our harbors. In general, 
the Fruhling dredge is a sea-going hopper type, equipped with 
dredging head of special design. The hull is divided for a part of 
its length aft by a well in which a heavy girder attached to a cross 
trunnion at the upper end carries a suction pipe, a pressure pipe 
and a suction head or plough from 10 to 20 feet in width perpen- 
dicular to the axis of the suction pipe. This head is the distinctive 
and patented feature of this dredge, the remaining parts are simi- 
lar to those of other hopper dredges. 

The action of the dredge is as follows: The outer end of the 
girder with its pipes and suction head is lowered to the bottom and 
the dredge steams ahead at a fair speed of, say, 4 or 5 knots (de- 
pending on the material being dredged), dragging the heavy head 
with its sharp cutting edge through the surface of the bottom. <A 
section of the material is cut by the head and forced into the same, 
eompletely filling it and holding back the surrounding water. As 
this material is pushed forward into the head it is stirred up, if 
necessary, by jets of water under high pressure from a pump in the 
dredge. The material is thus diluted sufficiently to be carried by 
the pump into the hopper. The effect of the box-like head is to 
exclude all water from the pumped material, except sufficient to 
give the fluidity required for its efficient pumping. The ordinary 
eutter-head dredge pumps up from 10 to 20 per cent solid material ; 
this dredge raises 60 to 90 per cent solid material in mud and 20 
to 50 per cent in sand. The large increase in efficiency is due to 
the lost energy of lifting water. 

Up to this time only one of these Fruhling dredges has been 
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built in the United States, for use at the mouth of the Mississippi 
River. It is the largest dredge of this type ever built, having a 
hopper capacity of 38,000 cubic yards, and a guaranteed dredging 
eapacity of 4,000 cubie yards of mud or 2,000 cubic yards of sand 
per hour. The first cost of a Fruhling, with complete equipment 
of a capacity of 800 cubic yards per hour actual dredging time or 
about 500 yards per hour effective working time, is around $200,000. 
This is about the same as for a spud dredge of like capacity. A 
sea-going dredge of the usual type, of equivalent capacity, would 
cost about $350,000. 

Figures on the cost of operation of Fruhling dredges are not 
obtainable, except from literature of the company owning the 
dredge patents; from these it appears that maintenance work like 
this in Mobile Bay can be done at a gross cost shghtly less than that 
of the spud dredges, which runs about 3.5 cents gross per yard. 
Taking all features of cost and convenience of operation into ac- 
count, I conclude that a spud dredge is best suited for the upper 9 
miles of Bay channel in maintenance and widening; that either the 
spud or Fruhling dredge is suitable for the lower Bay channel, with 
a shght advantage in favor of the Fruhling; that the Fruhling 
dredge is best suited to the work of maintenance and widening on 
the bar. I therefore propose for maintenance work a Fruhling 
self-propelling hopper dredge, equipped with pipe line for use im 
the upper part of the Bay, where the water is shallow outside the 
channel, and in the river: while the hopper will be used on the bar 
and in the lower Bay, where the depth outside the channel is sut- 
ficient for dumping within a distance of three-quarters of a mile. 
Taking the whole Mobile District, there are now two high class 
spud dredges available for maintenance work on the channels at 
Mobile, Pascagoula, and Gulfport. A Fruhling dredge at a cost 
of $200,000, added to this equipment for use especially on the 
Mobile, Horn Island, and Ship Island bars, and to assist in channel 
maintenance, would give a very complete equipment for the Dis- 
trict. 

COST OF MAINTENANCE AND ENLARGEMENT, 

It has been estimated from the past history of the harbor that 
1,000,000 yards of material will come into the channel yearly. To 
remove this at the rate of 200,000 yards per month will require 
five months per year, leaving seven months for maintenance of the 
bar channel, widening the channel, and laying up for overhauling 
and repairs. A safe estimate for this time of laying up is one and 
a half months annually, leaving five and a half months available. 
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The annual shoaling on the bar averages less than 25,000 yards, 
which could be taken out in two weeks time at the outside. It 
would, however, be well to put in one month’s work here annually 
until the channel of 33 feet depth and 300 feet width is secured. 
The present excavation required to secure this channel is about 
200,000 yards, which should be taken from the eastern edge of the 
present channel in order to hold this edge so that, as the natural 
scour erodes the west bank, the channel will be gradually widened, 
while maintaining its present location. This location of the bar 
channel conforms very closely to the theoretically correct location 
perpendicular to the direction of prevailing winds, and hence is 
easier maintained than a channel at any other position. The diffi- 
eulty of working.on the bar, measured by the cost of dredging in 
the past, is about twice as great as in the Bay channel. 

After taking out the time for maintenance of bar and other chan- 
nels and for overhauling, there would be left four months available 
for widening the channel in Bay and river. The present project 
requires the removal of 16,623,600 yards; the project herein pro- 
posed (500 feet width in river and 300 feet in the Bay) requires 
28,808,200 yards; so that there would be 12,144,600 yards to be 
excavated in enlargement. At the rate of 200,000 yards per month 
this would require about sixty months, or fifteen years, to complete 
with one dredge, while maintaining the present project channel. If 
the Wahalak should still be available on completion of the present 
project, the two dredges together could complete the enlarged chan- 
nel in addition to maintenance in six years at a cost of $600,000, or 
about 5 cents per yard. In view of the authority contained in 
the Act providing for the Mobile project to purchase two dredges, 
and considering the low cost of the work already done, a Fruhling 
dredge might be purchased for use in completing, maintaining, and 
enlarging the channel. 


SUMMARY OF PROJECT—BY AUTHOR. 

a. Complete present project. 

b. Purchase of a Fruhling dredge of 800 yards capacity per 
actual dredging hour at a cost of $200,000 (out of funds for 
present project). | 

c. Widen the river channel to 500 feet, the bay channel to 300 
feet, 30 feet depth, and the bar channel to 300 feet and 33 feet 
depth, at a cost of $600,000. 

d. Maintain the channel projected at a yearly cost of $100,000. 

e. Operate the Fruhling dredge and the Wahalak in mainten- 
ance and enlargement of the channels. 


Notes on Search-light Mirrors at the Cnugineer School 


by 


Lieut. WILLIAM F. ENDRESS 
Corps of Engineers 


One of the problems undertaken at the Engineer School some time 
since was the attempt to develop a search-light mirror having the 
qualifications necessary to allow of successful and continued use 
of search-lights under the rough conditions of field service. The 
desiderata of such a mirror are: 


1. Good illuminating power— 
a. Capable of high polish of reflecting surface; 
b. Absence of hght-absorptive qualities in the material. 
2. Permanence of reflective surface. 
3. Ruggedness against shock in handling and transportation. 


4. Mechanical perfection of form, and permanence of this form 
under great temperature variations occurring during operation. 

5. Continuance in service when injured by missiles. 

6. Ease of cleaning and absence of liability to damage by un- 
skilled cleaners. 


7. Lightness of weight. 


The above are desirable in any mirror whether for permanent 
fixed lights, hand portables or field lights; but they are especially 
necessary for field service, particularly that quality of ruggedness 
under the shocks and strains of transportation over rough roads 
and rougher fields. 

Several classes of mirrors of 24-inch and 30-inch diameter have 
been tested under operating conditions. These mirrors comprise a 
24-inch parabolic glass mirror, a 30-inch monel metal mirror, a 30- 
inch gold surface mirror, and a 30-inch segmental glass mirror. 


GOOD ILLUMINATING POWER, 


The glass mirrors are found to have, as might be expected, the 
28 
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highest illuminating power, since the glass on which the silvering 
is deposited is capable of an extremely perfect surfacing, and the 
silvering applied to it is much more brilliant in its contact surface 
than it is possible to obtain by mechanical polish of the metal. So 
marked is the difference that it was found that the 24-inch glass 
mirror, though old and defective in spots, was the equal of the 
30-inch monel metal mirror and the gold mirror in illuminating 
power. The gold metal mirror, as compared with the monel metal, 
reflected a light which brought out the objects illuminated by it in 
more nearly their natural and daylight colors, and hence is more 
pleasing and restful to the eye and aids the observer in his work. 
On the other hand, flaming of the are or other defects in the are 
which causes wavering spots of dark or colored lights to sometimes 
occur in white beams and which are not particularly objectionable 
if only sporadic, are greatly accentuated in the yellow beam. It 
is claimed that the yellow beam has greater penetration in fog, but 
this has not been confirmed at the Engineer School. The fact that 
the yellow beam is inferior to the white beam is explained (other 
features of the mirror being the same) by the fact that the com- 
ponent colors making up the total beam are materially reduced by 
reflection from a yellow surface which absorbs all but the yellow 
rays. This can not be strictly true, however, since the mirror is 
not as pronounced a yellow when brilhantly illuminated as when in 
ordinary light, and consequently other rays must be reflected from 
the highly polished surface and not be absorbed by the materval. 
It is difficult to distinguish the proportions of hight lost by absorp- 
tion of the material and that lost by poor surfacing. But the 
material absorption is far less in importance than the absorption 
~due to poor polish, as is evident from the increased power of the 
more highly surfaced reflecting surface of the glass mirror. The 
segmental mirror has bands of metal crossing it, which reduces the 
effective reflecting area. However, the ineffective area is relative- 
ly small and the mirror, when compared with the 24-inch glass 
mirror, was found to have about the increase in lighting power that 
one would expect, and much greater power than either of the 
metal mirrors of the same size. 


PERMANENCE OF REFLECTING SURFACE. 
In the glass mirrors deterioration occurs through minute cracks 
occurring in the silvering and, finally, separation of the silvering 
from the glass, but the remedy is simply a resilvering. It is not 
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necessary to risk change of form through repolishing or regrinding ; 
and any hand cleaning to be done is due to dirt on the front of the 
mirror which ean be readily removed, and, since the surface of the 
glass is hard as compared with the metals, with comparatively 
little risk of damage if reasonable care is used. Corrosion of the 
reflecting surface or of the glass does not enter into the problem 
during the expected life of the mirror. The monel metal, though 
the makers claim absolute non-corrodibility, was found to be, 
after about two years, covered with a network of very fine cracks, 
which appeared to be due to separation of crystals, as the mirror 
surface had a crystalline appearance; in addition, frequent clean- 
ing of the surface was found necessary as the metal tarnished. The 
gold mirror, too, was found to require removal of the tarnishing at 
frequent intervals, although there was apparently no corrosion 
whatever. 
RUGGEDNESS. 


It is evident that glass, because of its nature, is much more liable 
to damage by shock than is metal, and for this reason the metal 
mirror presents great advantages for field service over the glass 
mirror. But if the glass mirror be cut up into pieces which are, 
in turn, supported by a metal framework, there results a certain 
amount of flexibility which renders the mirror less liable to damage. 
The fact, too, that, in general, the entire mirror will not be smashed 
by a blow, but only one or two segments, leaves a considerable area 
of the mirror intact for temporary operation, with the possibility 
of replacement of the damaged segments with new ones. 


MECHANICAL PERFECTION OF FORM AND PERMANENCE OF THIS FORM. 


Metal is mueh less stiff than glass, and since mirrors of metal 
must be very thin in order to avoid too great weight, the danger 
of giving under the process of grinding and polishing is much 
ereater and the consequent distortion is greater. Glass, too, is 
much harder, and hence can be shaped more perfectly than metal ; 
the principal trouble arising in the use of glass being striation, 
but this is not appreciable with the modern perfection of lens-glass 
manufacture. The cutting of a glass mirror into segments after 
being ground is apt to allow distortion due to the unbalancing of 
internal material stresses, but this the makers deny. Then, too, it 
is very difficult to produce two perfectly identical mirrors, and to 
do this is necessary if there are to be spare segments. The placing 
of the segments in the framework is a matter of the nicest skill, if 
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the mirror is to resume a perfect shape. This seems to offer the 
greatest possibility of failure of the segmental mirror. The light 
from this mirror was turned, at a range of about 100 feet, on a 
hght-colored building, and the shape and uniformity of the lighted 
area noted. The area was not perfectly circular in form, but 
slightly distorted in a 2 o’clock direction. In addition, there 
was noticed the faint trace of rectangle, the diagonals of which 
were horizontal and vertical, and the corners of which projected 
very slightly beyond the normal circle. These peculiarities were 
not, however, noticeable except when pointed out, and the function- 
ing of the mirror did not seem to be affected at all when used at 
longer ranges. At 400 yards the circle of illumination was equal 
in definition and apparent uniformity to the circles from other 
mirrors. No replacing of segments has been done. (See translation 
at end of article in regard to replacing segments.) No troubles 
due to great temperature variations have been experienced with any 
mirrors at the School, but it is known that mirrors have been 
eracked by the intense heat of the electric are. This trouble does 
not occur with metal mirrors, and it is claimed that the segmental 
mirror also overcomes this danger. 


INJURY BY MISSILES. 


All the advantage lies with the metal mirror in this regard, since 
a hole would simply be cut out of the mirror, and if the remaining 
velocity were high, only a very small area surrounding the hole 
would be affected. The result is not a very serious loss of illumina- 
ting power. The same results will be obtained with the glass 
mirror, if the velocity is high and the missile small. In that case, 
it is probable that a small hole will be punched out and from this 
hole will radiate numerous cracks, the pieces of glass between these 
eracks retaining their position, and the illuminating power will 
be reduced by the area of the hole and the absorption of light by 
the various surfaces of the crack. It is not probable, but possible, 
that the whole mirror will be rendered useless by such a missile. 
Slow moving small missiles and large projectiles would probably 
completely demolish the mirror. The segmental mirror, however, 
would limit the extent of the cracks to the injured segment, unless 
a joint were hit, and at least three-fourths (in a four-segment 
mirror) of the mirror would remain intact. Injury by missiles is 
not believed to be a very serious feature, for all evidence of experi- 
mental work indicates the great difficulty of successful fire at a 
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search-light. The reasons for this are (a) the blinding effect when 
the light shines on the marksman; (b) the small target when firing 
from the side, or not in the line of the beam; (c) the difficulty of 
ranging when there are no other objects with which to compare 
position and distance. 


ERASE OF CLEANING. 


The glass mirrors require and can receive no cleaning of their 
reflecting surface. Dimming can occur only through dirt collect- 
ing on the front of the glass, and this dirt can be removed with soap 
and water, and the glass dried and polished with soft cloths and 
tissue paper without damage. The metal mirror, however, since 
the reflecting surface is the front of the mirror, is hable to damage 
by eareless cleaning. Cleaning off of dust and dirt is not all that 
is required, repolishing of the surface to remove other deposits is 
necessary. Hor this there is furnished with each mirror a set of 
polishing materials of different grades of fineness to be used in 
succession, and minute directions as to cloths to be used, pres- 
sure, and direction of rubbing. The reflecting surface is easily 
injured, and this possibility of injury by contact is always present 
both in handling and cleaning, especially by untrained and awk- 
ward soldiers. 


LIGHTNESS. 


The metal mirrors are much lhehter than the glass, and hence 
impose less strain on the mechanism during transportation, less 
effort and lhehter weight of parts for maneuvering, and less lia- 
bility to dropping and consequent damage in handling. 


RESUME. 


The metal mirror possesses advantages of ruggedness, immunity 
to damage through shock or missiles, and hghtness, and is not 
the equal of the others in other respects. The plain glass mirror 
is greater in illuminating power, ease of ‘cleaning and mechanical 
perfection than either of the others. The segmental mirror is but 
shghtly inferior to the plain glass mirror in illuminating power 
and ease of cleaning and its equal in permanency of reflecting 
surface and immunity from damage in cleaning, and is decidedly 
superior to the metal mirror in these points. It is probably but 
shghtly inferior to the metal mirror in ruggednesss and immunity 
from shock or missiles. As before stated, its weakness is its pos- 
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sible departure from mechanical perfection, due to cutting and 
resetting or the replacement of segments. However, an absolutely 
perfect beam is not essential to the successful operation of field 
search-lights. Their function is more that of an illuminating light 
than a searching light and therefore absolute concentration is not 
necessary, and at ranges within active attack would even be a 
drawback, since the extent of front illuminated is very small. 
A more diffuse light, therefore, is, unless it passes all bounds, 
rather an advantage than otherwise, provided the light is uniformly 
distributed. The attempt to gain diffusion by throwing out of 
focus always results in unequal distribution. Moreover, even with 





Method Used for Line Test. 


an imperfect beam (if it can be called imperfect) the segmental 
mirror is far superior to the metal mirrors. It is not believed, 
therefore, that the slight lack of perfection is a serious handicap 
when the other possible advantages are considered. The cuts 
herewith are from photographs taken of the 30-inch segmental mir- 
ror, a 24-inch single-piece glass mirror, and the 30-inch gold 
mirror now at the School. 

The photographs were made by the method indicated in the line 
drawing. A sereen of dull white finish having black lines drawn 
upon it as shown in the photographs, is set up facing the mirror. 
Behind the screen is the camera which, through a hole in the 
sereen, photographs the reflection of the screen from the surface 
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of the mirror. All that 1s necessary is that the center of the 
camera lens be upon the axis of the mirror. This method shows 
the mechanical perfection of the grinding and polishing, since 
surface inequalities will be shown by irregularity of curvature of 
the lines, but is not a true measure of the perfection of theoretical 
profile. Another method must be used to determine this. The 
mirror is set up facing the sun (in order to obtain parallel rays) 
and covered with an opaque mat applied to the surface. The 
mat should be formed of successive narrow rings of material. Be- 
geinning at the center or at the edge (assume the center) a ring is 
removed and the point where the rays come to a focus is noted. 
This ring is replaced and the next one removed, the focus of the 
zone being noted as before. This is done for all the zones of the 
mirror. Then, assuming a profile section and plotting to scale, the 
sum total of all lines drawn from the foci to their respective zones 
should be included in a space (at the mean of the foci) not greater 
than the diameter of the crater of the positive carbon which will 
be placed at the mean focus. The mirror is satisfactory if it 
fulfills this condition. The limit of error given above is allowable 
since the crater is not a point source of light, and hence the beam 
would be, even with the most perfect theoretical form of profile, 
slightly divergent. 

The screen used was of wood, perfectly smooth and undeformed 
by warping, the lines were true and of uniform width and spacing. 

It will be noticed that the glass mirrors are both superior to the 
metal mirror in 

a. Definition ; 

b. Perfection of surface ; 

c. Regularity of form. 

The large imperfection near one edge of the metal mirror is 
eaused by a dent. This is not noticeable to the naked eye. The 
very small waves with their ridges radial can not be detected with- 
out careful observation, but are shown prominently in their effects 
in the photograph. The mirror is at its worst at and from half 
way to the edge. It is on this more imperfect portion that the 
maximum light from the carbon falls. The very dark and lheht 
spots’ were caused by reflected light from the screen and are not 
the fault of the mirror. 

As between the segmental and single-piece mirrors there is little 
to choose. The imperfections of each he at the center in the 
shadow of the negative carbon, and hence have little or no effect on 
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the beam. That the segmental mirror is so perfect, however, is 
but an argument for its adoption. The spots in the single-piece 
mirror are due to the deterioration of the silvering. Even in its 
present condition it is the equal of either of the metal mirrors in 
illuminating power, though having only 64 per cent of area of beam 
and using only five-eighths the current used for the larger mirror. 

Appended hereto is a translation of a letter accompanying the 
segmental mirror on its arrival. The makers there make certain 
statements of fact which seem to bear out the conclusions of the 
writer and also make some claims which are believed to be suscept- 
ible of proof as far as our experience goes, principally with regard 
to the mechanical perfection of spare segments and their successful 
installation. 


BARBIER, BENARD, AND TURENNE. 


NOTE ON SEARCH-LIGHT MIRRORS. 


The experiments which have been undertaken for several years 
on metallic mirrors have not given expected results, and another 
method has been sought to obtain that result; that is, by making 
glass mirrors less fragile. Metallic mirrors have several disad- 
vantages; first, no matter how much care is used in working them, 
their surface can never be as perfect as that of a glass mirror. There 
are always slight irregularities which cause the beam from the 
metalic mirror to depart from the cylindrical form and become 
conical; that 1s to say, divergent. It follows that the intensity of 
the beam is diminished; therefore, the beam from a metallic mirror 
can never be concentrated on one point as well as can the beam 
from a glass mirror, for no matter what the position of the 
luminous erater of the light relative to the metallic mirror there is 
always a very marked divergence in the beam. We are able to 
say that in France there has been for several years the impression 
that metallic mirrors would give good results, and they have even 
gone so far as to draw specifications in which it is said **That the 
new armored ships shall be furnished with projectors for metallic 
mirrors. ”’ 

Trials have not given expected results; consequently, it was later 
decided that the projectors should be fitted with a permanent ar- 
rangement so that metallic or glass mirrors could be installed as 
desired, but the metallic mirrors gave no satisfaction and the new 
projectors which we now have under manufacture, for example, 
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for the Danton, will be furnished only with glass mirrors. It 
seems to us then that the problem of the employment of metallic 
mirrors is far from being solved. 


Second, it has been believed that the surfaces of metallic mirrors 
would be very easy to maintain; but it is not so. The surfaces of 
these mirrors are extremely delicate and it is very risky to put 
them into the hands of the soldiers who are charged with their 
maintenance. These mirrors are very easily injured, and their 
reflecting power diminishes very quickly. This is proven by the 
fact that during a fog there is deposited a film of moisture on 
metallic mirrors which causes their illuminating power to become 
insignificant. The failure of the metallic mirror having been estab- 
lished, as one might say, we have sought a means of perfecting the 
glass mirrors 1n a simple manner and which will give every satis- 
faction, and the process at which we have arrived seems to us to 
have solved the problem. Besides, as soon as we spoke of this 
scheme to the Minister of War and to the Minister of the Navy, 
they did not hesitate a moment to give us orders for mirrors up to 
114 meters in diameter, and indeed the Navy has given orders at 
all its yards that whenever it should be necessary to resilver any 
mirrors, to send them to our factories that, besides resilvering, we 
might proceed to cut up the mirrors into segments before re- 
turning them; and we receive daily not only mirrors originally of 
our manufacture, but mirrors from other houses which have been 
furnished to the Navy, both of the Mangin type and of the Para- 
bolic. We believe that this question may be of great interest to 
you, and we would lke to undertake this work on any mirrors 
which you may possess. 

Further, if one possesses several old mirrors having practically 
the same profile, it is possible for us to make them over, using 
pieces of new segmental mirrors. This question is very important, 
especially for mirrors of large size. 

Finally, to make these repairs there is no need that we have the 
complete mirror, but only portions of the mirrors. For example, 
the Minister of the Navy in ordering from us a projector of 114 
meters in diameter with a segmental mirror of six parts, has order- 
ed that only three segments should be furnished. | 

At the time that we proposed this arrangement to the Minister 
of War the following objections were made: Ist. Will the beam 
from a segmental mirror be as homogeneous as that from a mirror 
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made from a single piece; and 2d, how would the pieces act if there 
should be an accident to one of the segments? 

Experiments made on the first mirrors of 114 meter diameter 
furnished the Minister of War and the Minister of the Navy have 
confirmed what our preliminary studies have indicated; that is, 
that the beam from the segmental mirror is in all respects identical 
with that from a mirror in a single piece. 

Indeed, during manufacture we do not make single pieces, but 
the complete mirror in a single piece, and it is only when all the 
work on the mirror has been finished that we proceed to cut it up. 
Moreover, in the tests which have been made by these Ministers, 
they have built up segmental mirrors with the pieces from several 
different mirrors, and the beam has been homogeneous. In answer 
to the second question, we can state the following fact. It is that, 
due to careless handling, a segment having been cracked, the pieces 
remained in their frame without moving, so that to the hand not 
even the slightest displacement could be perceived; and after this 
the department decided to continue operations with this mirror 
without replacing the cracked portion, since the beam from the 
projector was entirely satisfactory. It is now more than a year 
that the projector has been operating in that condition, and the 
mirror is still as good as a new one. 

With regard to heat the mirror acts very well. We can cite as 
an example an order that we received from Canada for mirrors of 
40 em. in diameter before which there was an are taking about 
one hundred amperes. 

All the mirrors furnished by other houses failed under these 
conditions and broke very rapidly. We then furnished segmental 
mirrors in four segments and our customer has said to us that he 
has never had any breakage since using our product. 

We may remark that the central portion of the mirror may be 
removed, but no ray of light falls on this part of the mirror, which 
is in the shadow of the negative carbon. In the French Navy they 
prefer to leave an opening in the center of the mirror for the 
following reason: 

Following cannon fire, if the openings in the projector are closed 
the pressure on the mirror becomes quickly very great and may 
cause breakage of the mirror, while if an opening is left in the 
center of the mirror the pressure is balanced on both sides and, 
consequently, rupture is avoided. 
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IMPORTANCE AND USE OF SEARCH-LIGHT PROJ ECTORS.* 
[From Internationale Revue, August, 1912. | 


The search-light projector itself has now attained a high state of 
technical perfection and great progress has also been made in the 
methods for applying it. The projector may be installed at some 
fixed point, such as on war vessels and in permanent fortifications, 
ete., or it may be mobile or portable. With the portable leght, it 
is always a question of trying to accomplish something with mirrors 
of only a small diameter. 

The usual diameters given to mirrors are 90 em. (39.48 in.), 
60 em. (23.62 in.), and for portable hghts, 25 em. (9.84 in.). For 
siege operations all three sizes may be suitable, but for field opera- 
tions only the last two will serve. There are also portable search- 
lights in which the hght is produced by chemical action (acetylene), 
but these are inferior in power to the electric hght and their 
operation is much more difficult. 

Vehicles tf on which the projectors are transported are construct- 
ed of different form, according as to whether they are to be used 
in slege operations or field service. For the latter, the arrange- 
ment of a field-carriage with limber has been adopted, as we show 
further on. 


VARIOUS USES OF PROJECTORS. 


In the course of the war of 1870-1871, several projectors were 
used at Paris, but without any great success. The electric dynamo 
promised considerable importance for the employment of pro- 
jectors during the war. The construction of illuminating appa- 
ratus was therefore begun, but, because of its slight mobility, it 
could be used only during siege’ operations and then only on the 
defensive side. Fortified places were but scantily provided with 
projectors, and, since it was in the first stage of development, there 
was but one size of mirror (90 em.) ; 1t was hoped that with that 
size all the situations arising during a siege could be properly 
faced. No one occupied himself with the tactical use of projectors, 
and the night exercises where they played their proper part were 


*Extract of an article in the Militar-Wochenblatt, Nos. 59, 60, and 61, 1912. 
Translated by Lieut. William F. Endress, Corps of Engineers. 

+The joint-stock company of C. D. Magirus, at Ulm on the Danube, has 
specialized for several years in the design and manufacture of projectors 
mounted on vehicles. 
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rare. The sites chosen for the apparatus were often just the 
reverse of what they should have been and but little thought was 
given, indeed none at all, to the use of lights according to the 
tactical situation. The troops were not sufficiently mterested in 
these new engines of war and, also, they could not believe that 
there was any well-advised use for them. 

Things changed somewhat after the introduction of rapid-fire 
arms. Night operations then began to take on a greater import- 
ance, and following that a more serious view was taken of the 
question of search-light projectors. 

The Russo-Japanese War, and especially the siege of Port 
Arthur in 1904-1905, very greatly modified the ideas which had 
been held up until that time on the subject of siege operations. 
Fighting at short distances again played an important part, as it 
had done in the seventeenth and eighteenth centuries. The imple- 
ments used in fighting, large and small, which had been con- 
sidered as obsolete, returned to the stage, although modern science 
modified them somewhat. The illumination of the immediate sur- 
rounding territory assumed considerable importance and that not 
only in siege operations but also in the field, and the employment 
of search-hghts for sweeping the country in field operations dates 
from the campaign in Manchuria. By that time the designers 
had practically perfected the projector itself, but equal progress 
had not been made in considering its proper employment and there 
still remains much to be done in this respect. 

If the search-lhght were an arm, an engine by the help of which 
one might kill the enemy, there would be no delay in discovering 
the best way to utilize it. But the point is often lost that it is 
the seareh-light which may make possible the annihilation of the 
enemy. There are even military experts who declare that search- 
hghts are an incumbrance and a nuisance. 

Such opinions can not be based on the characteristics of the 
projectors themselves, for their hght range and illuminating power 
are good. They can be due only to the methods of employing them 
which have been followed up until now, and for which there is no 
real experience; for the numerous exercises that have been gone 
through with up until now furnish no data of value. A_ pro- 
jector, like a gun, gives results only when aimed and handled in a 
rational and well-thought-out manner. That is possible only 
when there is an observation service which can adapt itself to the 
tactical exigencies of the moment. To obtain the latter is the 
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possible, actual war conditions; while for field searech-hghts they 
should resemble conditions occurring in actual combat. All these 
exercises should be undertaken with full-size bodies cf troops, on 
the attacking side as well as on the defensive, and then there should 
be put in action the number of search-lights corresponding to the 
situation. The director of the maneuver should require that the 
commanders of the troops dedicate a special paragraph of their 
orders to the search-lights, in order that their personnel may know 
just what they are to do, and also in order that the commander 
may take the responsibility for the part assigned to the search- 
hghts. 

The observing officers should thoroughly know their business. 
In fortified places it 1s always possible to arrange for a nucleus 
of officers trained to this service. It will not be necessary, except 
in case of war, that these officers should be employed on other 
duties or in other fortified places. There is an advantage in this 
that the observers may follow a course of preliminary training 
lasting about a week, the best time for which is when the technical 
instruction is being given to the personnel charged with the service 
of the search-hghts. During the course of training, there would be 
shown to the observing officers the methods of utilizing the pro- 
jectors, and for this they should be made to see the various duties 
devolving on the search-lghts in the simpler situations arising in 
war, for which the smaller units of troops will suffice. The knowl- 
edge thus acquired will be extended by holding exercises at least 
once each month, using the projectors. 


The extent of this essay does not permit of a detailed examina- 
tion into all the fundamentals to be taught observing officers, and 
we are therefore limited to citing some of the more important 
points : 


1. The observing officers remain on the ground in front of the 
projectors as long as the enemy will permit them. They are con- 
nected by telephone with the commander and with their own light. 
In this way, they can first communicate to him the results of their 
observations and then receive from him any information he may 
have and take his orders. The telephone communication with 
the hght allows the direction of the light towards desired points. 


2. Whenever possible, it 1s necessary that the observing officers 
make, during the day, a careful reconnaissance of the ground 
which their light is called upon to illuminate. 


NOTES ON SEARCH-LIGHT MIRRORS AT THE ENGINEER SCHOOL 43 


3. They determine the actual position of the light, according to 
the orders or information given by the commander. 

4. The lights should operate intermittently only. 

On paragraph 2.—The ground presents a very different aspect, 
when lighted by a search-light, from that which it presents during 
the day. The daylight illumines all the folds in the ground, which 
is not the case with hight from a projector, because the source of 





Fig. 2. French Automobile Search-lght Under Operation. (See p. 52.) 

hght is at but a relatively small height above the surface of the 
surrounding country. This difference is especially marked in flat 
country, but not as much so as when the ground contains trees, 
hedges, ete. In the latter case, long shadows are produced which 
contrast very strongly with the brillant light. Means are there- 
fore sought of placing the light at a certain height above the 
ground. The older apparatus consisted of a telescoping tower of 
wood, while the modern consists of two tubular steel telescoping 
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fundamental reason for hehting up the terrain. If the observa- 
tion service fails, the projector can not render good service and it 
often becomes a nuisance; but the results obtained by the observa- 
tion service do not depend only on the personality of the observers 
nor their skill, their clear grasp of the tactical situation nor the 
rapidity of their decision. It is always necessary that the com- 
manders should be able to appreciate the search-light service at its 
proper value and that they accord to it the attention which it de- 
serves. The commander who neglects to keep in hand and in 
touch with the personnel of the search-lights and of the observa- 
tion service during a tactical situation has only himself to blame 
if the apparatus works poorly or even becomes prejudicial. 

The position of observing officer 1s extremely important, and it 
carries a very great responsibility. It is indispensable, there- 
fore, that there should be systematic preparation for that service. 
These officers should not only be acquainted with the mechanical 
operation of their projectors, but should know equally as well how 
to use them to the advantage of their own troops and the disad- 
vantage of the enemy. Only continuous practice will produce 
good observing officers, as well as a capable personnel for the serv- 
ice of the apparatus. 

The many problems that the projector is suited to solve are not 
widely known. Drills with projectors, in the course of which only 
small units of troops are put in action, or where outlined troops, 
or even very small groups or small patrols are used, are not of any 
value for the large seareh-lights nor for the personnel of the ob- 
servation service. If for slege exercises one always chooses the 
eternal drill ground, where the digging of trenches is always for- 
bidden, there will be shown to the troops and to the observation 
personnel absolutely nothing which has anything in common with 
what oceurs in actual war. 

But conditions are especially bad, when, on an extended front, 
there is but an insufficient number of seareh-lights. The work de- 
volving on each is then beyond its capacity, and as a result it is 
often concluded that the projectors are not equal to what may be 
expected of them. 

It also happens that the functioning of the projector itself, taken 
alone, is considered insufficient. It is because of this that one 
often hears: ‘‘The range of large projectors is not enough for 
artillery ; the lighted space is too small; those objects which remain 
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in shadow ean not be discovered; the ranging of artillery at con- 
siderable distances is impossible because of the great contrasts 
between heht and shadow; the search-lght does not illumine 
properly except in complete darkness; the illuminating power is 
weakened by moonlight and haze, and the projector is of no value 
at all during fog, snow storms, ete.’’ 

All these criticisms are founded on the light itself; but what 
engine of war is there which is not without its weak points; and 
in the future we will have no ideal lighting of the terrain any more 
than we will have ideal weapons. The point is that every engine 
of war, the search-light as well as others, must be rationally served 








Fig. 1. French Automobile Search-light on the Road. (See p. 52.) 


by the personnel attached to it. Only then will the defects be in 
the minority as compared with the advantages. 

In case any doubt remains as to the preceding, let us add some 
explanation : 

There is nothing to be said so far as the technical personnel of 
the projectors themselves is concerned. The groups which have 
received special instruction wish, almost without exception, to 
understand their duty, but a greater number of practical drills 1s 
necessary, combined with other arms, in order to teach them the 
tactical side of the use of search-lights. 

For search-lights in fortified places these drills should represent 
the successive stages of a siege, and should resemble, as far as is 
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masts to which the projector is attached. In rolling or mountain- 
ous country it is possible by choosing an elevated site to relieve 
somewhat, at least for the immediate foreground, the imeconven- 
iences due to the shadows. The electric hight is also the reason that 
the colors in the country illumined by the projectors appear to be 
different than they are by day. Also, these objects which are di- 
rectly in the full light appear to be very much larger than by day- 
light. In addition, the intermittent ight confuses the observer and 
prevents him from recognizing objects with the same facility as if 
the lights were continuous. Consequently, it will be easily under- 
stood that one needs a very well trained eye in order to observe 
rapidly and with certainty. ; 

On paragraph 3.—The commander determines on which portion 
of the offensive or defensive front the search-lghts are to be estab- 
lished. The observing officers then seek out and decide on the 
exact situation for the projector. The dominant points of the 
terrain are the most suitable; they allow a flanking light, thanks 
to which it is often possible to hght up folds in the ground surface 
which run more or less parallel to the front of the position. In 
choosing the site for the projector it must be remembered that 
cover for the field carriages is necessary, and those sites must be 
avoided to which access is difficult. 

On paragraph 4.—The search-lights should discover the enemy 
and allow of fire against him by the various arms. In order to 
accomplish this, 1t 1s necessary that they should be kept intact for 
the commander for as long a time as possible. The adversary will 
certainly attempt to suppress this iumination which inconveniences 
him so greatly. The continuous light will draw the fire of the 
enemy’s artillery and infantry, and although it is extraordinarily 
difficult to destroy a search-light in this way, it can be accomplish- 
ed in time. The intermittent hight, on the contrary, very greatly 
troubles the enemy who tries to get the range by firing on the pro- 
jector. It may therefore be conceived that in some measure the light 
may really become an element of defense. 

The intermittent light has still another advantage. The enemy 
can conceal himself from such a ight only with great difficulty. At 
first it was the custom to follow the ground slowly with the light, 
making the cone of illumination pass slowly from right to left and 
inversely. In order to conceal themselves from this light the 
troops were ordered to he down and not to move as soon as the 
luminous cone approached, and it would then pass over them 
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without the observers being able to ascertain their presence. But 
if the hght illumines only at intervals, and now here and now there, 
the enemy is surprised while he is in motion. It does no good to 
he down after that, if the observers are on the alert and well 
trained. 

It is evidently necessary, for all this, that the light with its 
shutter closed, should be capable of being pointed towards any pre- 
determined position on the terrain. The appliances necessary for 
this are incorporated in the apparatus. If the observers prepare, 
while it is daylight, a simple sketch of the terrain, made from the 
future site of the projector, and on which they have marked the 
prominent points of the ground, they will be able, after operating 
for a while with the intermittent light, to place these points in 
agreement with the azimuth circle which is carried on the projector 
carriage. 

We have seen above that, among the things which should exist 
permanently in a fortified place, is a small body of observing offi- 
cers taken from the troops and who have received a thorough course 
of instruction. It is otherwise for the field armies. The hght 60 
em. wheeled projectors, which exist as a part of the army corps, 
will be attached to different units according as circumstances may 
arise, and these units ought to furnish the observing officers. But 
these officers will find themselves charged with duties absolutely 
new to them. This fault will be obviated to some extent when the 
employment of projectors becomes more a matter of common knowl- 
edge, following night exercises which can be carried out on the 
drill grounds, or in the neighborhood of the garrisons; and when 
in their review of the operations, the directors of the maneuver 
shall accustom themselves to examine into the action of the pro- 
jectors for the benefit of the commanders and the participating 
troops. 

DIVERS FORMS OF PROJECTORS. 


Up to this point we have spoken only in a general way of the 
employment of search-lights, and especially of the heavy pro- 
jectors of great range (90 em.) and of the light ones (60 cm.). 
But as, in order to arrive at some desired end, pieces of different 
caliber are necessary for the artillery, just so there must be pro- 
 jectors of different kinds. 

The first question arising is, Is there any need, in a war on land, 
of search-lights of greater range than that of the 90 em. hght? 
Except for very special cases, the answer is ‘‘No.’’ There never 
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exists in the country surrounding fortresses a terrain which is 
absolutely flat for several kilometers, and which contains neither 
fields nor buildings. Now, the farther the portion of ground to be 
illuminated is from the site of the projector, the flatter is the 
angle between the luminous cone and the surface of the earth, and 
the greater are the shadows cast by the least inequalities of the 
ground and by the smallest vegetation, even very low, such as 
hedges for example. These shaded parts of the terrain indicate at 
once to the enemy the points where not only is he protected against 
the ight of the projectors, but also from view during the day, un- 
less he is observed from high in the air. It will not be difficult 
in that ease to advance the infantry and artillery under cover, 
even for considerable distances, and even to allow the latter to go 
into battery under cover. 

Because of the very great distances at which the operations of a 
siege are developed, a search-lhght, no matter what its power, can 
never pick up the points where batteries have been constructed, 
provided the sites have been carefully chosen. In such a ease 
there is only one method to be fellowed—that is to make a sortie, 
or at least to depend on balloons, aeroplanes, ete. There is hardly 
any excuse for projectors of great range, for they may even become 
a nuisance, in that they may reveal to the enemy certain of our 
own dispositions. 

They are of no greater value in the artillery duel, for the artil- 
lery never establishes itself in the open, and observation at long 
distance with the alternation of brilliant hight and black obscurity 
produces little in the way of results. The 90 em. searchlghts are 
effective to 3 kilometers under favorable conditions. This is, in 
general, the distance at which, in siege operations, the infantry 
begins its forward movement against the sector to be attacked. 
From the beginning of that movement the lights will sometimes be 
able to discover the enemy, though even then it will often be 
difficult. And it would never be possible unless the observing 
officers are well in front. 

The true field of action of the search-light is under 2 kilometers 
and the attacking infantry will, therefore, usually be easily dis- 
covered by the 90 em. projector. But, the nearer the attacking 
infantry approaches, the greater is the possibility that large pro- 
jectors will be put out of service one by one, although this is 
difficult to do. 

At very close quarters the usefulness of large projectors is 
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lessened. The frontal angle to be covered by a single projector 
becomes so great that it will have to be turned very much to one 
side. That is not only a disadvantage, because a luminous cone 
directed thus to the side always masks something, but it is also 
very dangerous to the friendly infantry both in their firing trenches 
and in the offensive operations which are attempted by them. 

The last phase of close-quarter fighting 1s composed of a series 
of isolated actions and enterprises, undertaken by small units, 
sometimes the smallest organized fractions. By working ener- 
getically until a favorable opportunity presents itself, the most val- 
uable results are possible. The suddenness of these enterprises very 
often prevents any notification to neighboring troops and more often 
to the large projectors, which, installed sometimes far from the 
place where the action develops and placed under the orders of 
other commanders, may, without wishing to, compromise and even 
annul the suecess of the enterprise by hghting up a predetermined 
point at the wrong time. 

During this close-quarter combat, all superfluous light should be 
avoided ; and it is a fact that large projectors give at such times an 
unnecessary amount of heht. The expedient of retiring them, as 
is done with the heavy artillery, in order that they may work from 
a position farther in rear is not applicable here, because the slight 
distance which separates the two adversaries would cause them to 
hght up both positions at once. At this stage of the action the 
large projectors have come to the end of their usefulness in heht- 
ing up the surrounding battle; the great handicap that they may 
from then on become to the friendly troops requires that they con- 
fine themselves to hghting up only the more distant field of attack, 
in order to discover the troops, transport of material for the as- 
sault, ete., which may be ercssing the exposed places. 

In order to illumine the field of close combat, it is necessary to 
have recourse to the small projectors which the troops can use as 
most convenient to them. The sector of ground assigned to each 
little projector must necessarily be small in order to avoid obliquely 
directed beams. The range of the projectors for this service should 
not be very great. In the fight on the immediate foreground pro- 
jectors having a range of 300 meters are sufficient. But, since 
we must consider that in the course of the close-range fighting the 
large projectors may be put out of service, and that then their 
work must be done by the smaller lights which are sometimes at 
considerable distances from each other relatively, it would be 
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better to choose lights of 800-900 meters range. This requirement 
is filled by the electric projector with a mirror 25 cm. in diameter. 
As auxiliaries, there would be, especially in the interior of perma- 
nent works and for special purposes, some projectors a lhttle more 
powerful, say about 35 em. (13.78 in.), for lighting up long lines 
of obstacles, for example, or to allow the covering of intervals. 

Search-lights having a diameter of 60 em. which, in general, are 
designed for field service only, can be used just as well in sieges as 
light-weight projectors. They have the great advantages of mobil- 
ity and can, up to a certain point, take the place of the 90 em. 
lights. Their range is about 2 kilometers under favorable con- 
ditions. 

Besides search-lights, there are also available for lighting up the 
ground over which the attack moves, fire-balls, fusees, torches, ete. 

The fighting for fortified positions in field warfare presents 
situations analogous to those of siege operations, except that the 
successive stages develop more quickly because the fortifications are 
weaker; the cannon which the artillery puts in action are lighter 
and possess greater mobility; the projectors to be used in position 
combat should also possess greater mobility. 

The light 60 em. projectors fulfill these requirements. The 
carriage, which in appearance is like the artillery field carriage, is 
able to travel rapidly over the country away from roads in order 
to get quickly to its position and commence operations. 

Besides these projectors, small projectors are necessary to light 
up the immediate foreground, just as in siege operations. For 
transportation, the projectors are grouped on a special carriage 
which should possess the same qualities of mobility as does the 
60 em. carriage. 

Finally, the service of the projectors should be organized as a 
distinct entity, and the whole placed under a single commander. 

Usually, horse-drawn projector carriages are preferable to 
automobile carriages. The leght-weight projectors of the field 
armies should be able to traverse all kinds of country, just as the 
field artillery does. With a team of six horses this desideratum 
is possible, while at the present time, at least, it is not possible with 
automobiles. Also, it must not be overlooked that a team is easily 
replaced, in whole or in part, and it can also be increased in size 
if there is occasion for it. With automobiles the slightest trouble 
with the motor renders the utilization of the projector extremely 
uncertain. 
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In siege operations, especially on the defensive, conditions are 
just the reverse, for there is always a very complete network of 
military and other roads and the projectors will only in very excep- 
tional circumstances encounter bad roads or find it necessary to 
eross the fields. Under these conditions, it is better to use auto- 
mobiles. However, the chances always remain that the motor will 
be hung up on stretches requiring too great power, and one or 
another of the projectors may still be seen standing idle on the 
road. 

THE NUMBER OF PROJECTORS. 


In the proper use of search-lights numbers play a very important 
part. We have already pointed out that, indeed, there are very 
vague ideas as to the number of hghts necessary for any prede- 
termined situation. The newspapers have demanded, during the 
last few years, that there shall be a very considerable number of 
projectors. These demands have been very generally based on the 
occurrences of the siege of Port Arthur and the campaign in Man- 
ehuria, and the result is a very large number. But here, also, it is 
necessary to content one’s self with what is absolutely necessary, for 
it will never be possible to get all that it may be desirable to have. 

The defender needs more search-lghts than the assailant. The 
first-named will try to explore, to show up all the ground in front, 
while the second will seek obscurity in which to execute his ma- 
neuvers. It is, consequently, much more difficult to make use of 
search-lights in the attack than it is in the defense. 


I. NUMBER FOR SIEGE OPERATIONS. 


It must be acknowledged that the sector of attack on a place 
fortified with detached works will but very rarely exceed 6 kilo- 
meters in extent. It matters little, from our point of view, whether 
the attacked front presents an uninterrupted line or whether there 
are two separate attacked points at different points of the front. 


a. In the Defense. 


The least number of heavy projectors demanded is one outfit 
per kilometer. And it should be understood that these pieces of 
apparatus should not be used from the permanent works, but out- 
side of them; that is, they should be mobile. As the range of 90 
em. lights is about 3 kilometers under favorable conditions, the 
1 kilometer of actual front assigned each projector will in reality 
be about double that at the limiting range of the light; in other 
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words, each hght will be capable of searching about 2 kilometers 
of front at its extreme range. With the above allowance of large 
projectors it is possible to group them in twos, in order that they 
may aid each other in exploration and in continuing to illumine 
some object which should be kept visible all the time. The com- 
mand of these two projectors, between which there will be such 
interval as the terrain demands, is naturally confided to a single 
officer. 

There will be necessary, then, six large projectors (with 90 em. 
mirrors) as well as a reserve of two projectors. The large pro- 
jectors may be replaced by smaller ones (60 em.) in many parts 
of the front; for instance, where woods in the foreground limit the 
range. The number of portable hghts imtended for iluminating 
the intervals and ditches should be made the subject of a special 
calculation. As for those fortresses which comprise groups of 
detached works, distant and near, the calculation of the required 
number of projectors of the various kinds (heavy, light, and port- 
able) is made according to the preceding discussion. 

On those fronts which are not to be attacked there should also be 
a certain allowance of projectors, but the number may be much less 
than is required for the sector undergoing attack. 


b. In the Attack. 

The besieger will certainly carry projectors along with his siege 
material. The allowance of the various kinds of projectors will 
be according to local conditions. In each engineer park there 
should be two to four projectors, the heavy and the light, and 
horse-drawn. 

II. NUMBER IN FIELD ARMIES. 


Search-lhghts find here hardly any field of activity except during 
combats of position, and then their method of employment ap- 
proaches very nearly to that required for siege operations. The 
number of lghter projectors (60 em.) which are added to an 
army corps is calculated just as it is for the defensive side in siege 
operations. There is needed, therefore, one piece of apparatus for 
each kilometer of front. Since, for one army corps operating 
alone one can count on a front of about 7.5 kilometers, eight pro- 
jectors will be required, which are assigned half to each division, 
and these four divisional pieces are organized into two sections. 

The vehicles are made up of limber and carriage. The first 
carries the machine which produces the electric ght, while the 
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second carries the projector mounted on telescoping steel tubes 
which can be lowered to a horizontal position on the carriage during 
the march. 

Because of the relatively short time that a fight for a position 
will last, it 1s probable that the lighter projectors (60 em.) will 
remain, for the greater part, in illumination until the end of the 
action, and consequently the number of portable projectors need 
not be very great. 

The inerease in the wagon trains of an infantry division which 
results from the addition of search-lights is certainly a bad feature, 





Fig. 3. German Auto-Searchlight with G60 Projector. Siemens-Schuckert. 
; (See p. 53.) 


but it must be submitted to if preparation is to be made for all 
eventualities arising during a campaign in the field. 


PORTABLE SEARCH-LIGHTS.* 
[By Lieutenant Polster, Ist Foot-Artillery Regiment of Linger (E. Prussia) |. 





The Russo-Japanese War, in which local results were largely 
determined by darkness, fog,:and the failure of the adversaries to 
take advantage of these conditions, has brought to the front, in 


*Translated from the Kriegstechnische Zeitschrift, No. 8, 1912, by Lieut. 
William F. Endress, Corps of Engineers. 
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our Army, the importance of thorough training of the soldier in 
night-work as soon as he enters the service as a recruit. 

In night operations well trained bodies of troops ean surely 
accomplish great things, even though they suffer considerable loss 
in the subsequent retreat, by proceeding silently and safely in 
operations on the enemy’s flanks, surprising possible hostile patrols, 
and attacking the enemy resolutely and quickly without the 
enemy’s being conscious of their presence and without allowing 
time for effectual protective measures. Moreover, darkness is taken 
advantage of as far as possible for the advance of the larger bodies 
of troops, flank movements, emplacing artillery, construction of 
cover, laying down tramways, bringing up munitions of war, etc., 
and especially is night training of importance now that, in modern 
war, there is the great opportunity for aeronautical reconnaissance 
and the possibility of aerial offensive measures, the value of which, 
in the daytime, is acknowledged by all the powers. 

To what art or science are we to turn in order to prevent or ex- 
pose these extensive undertakings? Here, again, technical and 
tactical skill must work hand in hand, and the great utility of the 
search-light makes this possible. Especially in Austria, Russia, 
Japan, and France a great deal has been done during the last 
year along this line, and the attaching of search-lights to the in- 
fantry regiments is prepared for or already accomplished. 

As a starting point, from the experiences of the Russo-Japanese _ 
War, in which both Russia and Japan made the widest use of 
search-hghts, not only in the field but at Port Arthur, there was 
established in Russia a commission to investigate the applications of 
search-hehts with troops; and they proposed that all arms of the 
service should be provided with search-lights upon the outbreak of 
war; they also prescribed that each army corps staff and division 
should be equipped with a 75 em. hght, each infantry regiment 
and separate battalion with a 35 em. light, and each artillery bri- 
gade and eavalry division with a 75 em. light—all to have the same 
mobility as the field gun. At the same time the organization of a 
special body of troops for this service was undertaken, and the 
necessary and proper regulations were drawn up. 

In France, extensive experiments have been recently made with 
automobile search-lights (fig. 1, p. 41, and 2, p.48) to determine their 
range of usefulness, and a single experimental unit was purchased. 
The wagon is by Dion-Bouton, the search-light by Breguet. The 
90 em. light is mounted on the automobile, which is about 18 
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horsepower, has a speed of 30 kilometers an hour, and can nego- 
tiate grades of about 15 per cent. The motor can be used as 
generating apparatus for the projector either while travelling or 
standing still. 

In Germany, where several search-light detachments have been 
organized among the pioneer battalions, the units are from the firms 
of Siemens-Schuckert, A. E. G. and Benz, and the non-automobile 
units from C. D. Magirus; these latter have been especially suc- 
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German G60 Outfit. (See p. 54.) 
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Fig. 5. German G90 Outfit. (See p. 55.) 


cessful. Fig. 3 (p.51) shows an automobile search-light wagon with 
G 60 projector* mounted on a tripod. The search-light and other 
apparatus is mounted on a chassis which is driven by a benzine- 
motor of about 28 horsepower, the motor also serving to drive the 
80 volt, 60 ampere dynamo at 1100 revolutions per minute. The 
motor is provided with a governor and double-ignition system. 
~The radiator is designed to allow of operating the light continuous- 
ly for two hours without renewing the water. The dynamo is 
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driven through a system of auxiliary gears which can be thrown in 
or out of mesh by a second lever conveniently placed on the side 
and similar to the speed-change lever. The ordinary fuse box for 
the dynamo is expanded into a switchboard box and contains the 
following apparatus: 

1 combination volt-ammeter ; 

1 field regulating rheostat ; 

1 circuit-breaker ; 

1 hand lamp and protective fuses. 

Above the switechbox of the generator is the cable drum earrying 
150 meters of two conductor stranded braid-covered cable. 

The G60 light is easily dismounted from its rubber springs and 
weighs, with its tripod, 210 kilograms. 

The body is designed for three seats and has canvas side-curtains. 

The automobile has four forward speeds and reverse, and can 
take 18 per cent grades. The maximum speed is about 55 kilo- 
meters per hour, and the total weight 2,300 kilograms. 

The hght horse-drawn portable before-mentioned (fig. 4, p. 53) 
consists of two 2-wheeled units: one, the limber, carries the power 
supply apparatus; and the other, the carriage, carries the pro- 
jector. 

The limber forms a unit which comprises the 8-10 horsepower 
benzine-motor and a 65 volt, 60 ampere shunt-wound generator. 
The motor is water-cooled and is provided with a circulating pump 
and ventilating fan. To maintain constant speed there is a cen- 
trifugal governor, and the ignition system is double. The radiator 
is on the left side of the limber and on the right is the switchboard, 
whose equipment consists of field-regulating rheostat, measuring 
instruments and switching apparatus, as well as the necessary 
fuses and hand lamps. An explosion-proof container is mounted 
under the seat and contains benzine and oil sufficient for about 
fifteen hours operation. Space is provided under the footboard 
for a field-telephone set. Behind the seat is the cable-drum for 
150 meters of double conductor cable of 16 mm.” section. The 
limber weighs, including supplies, tools and spare parts, about 
1,100 kilograms. 

The carriage for the projector is composed of a pressed-metal 
frame, on which the projector is raised from the travelling to the 
operating position by means of a worm-gear. The projector trun- 
nions are supported at the ends of a U-shaped member, which 
allows of swinging the beam in the vertical plane. The lower por- 
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tion of the U-shaped piece forms a turntable, and the light can 
thus be swung in all directions. In the travelling position the 
projector is supported on rubber cushions or buffers. The pro- 
jector-drum is provided with an iris shutter and signalling door 
of the venetian blind type. The projector, its trunnion-arms and 
turntable can easily be dismounted from the carriage and set up 
somewhere else. 

This apparatus is especially suitable, because of its extreme 
lightness, for service in mountainous regions. It weighs only 460 
kilograms, and is, because of its large wheels, easy to move about. 
Also, the carriage can be removed when the road is no longer pass- 
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Fig. 6. German G90 Power Unit. 


able, and a body of men drag it up the steep mountain paths while 
the limber remains below under cover. 

A later type of train with a G90 light, suitable for the equip- 
ment of fortifications, is shown in fig. 5 (p. 53). It contains a four- 
wheeled power unit (fig. 6) equipped with a benzine motor 
and direct-driven generator of the previously mentioned type. The 
remainder of the power-unit equipment is similar to that for the 
lighter sets, except that the cable drum is left off. The weight, 
loaded, is 2,000 kilograms. 

The eable-limber is designed for animal traction, and carries 
250 meters of 2-conductor cable of 25mm.’ section. The drum 
is actuated by two hand cranks, which can be inserted between the 
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spokes of the wheels. The weight of the limber and cable is about 
800 kilograms. 

The carriage for the G90 lheht is similar to that for the hghter 
set, but all parts are, conformable to the greater weight of the pro- 
jector, made heavier. The weight is about 615 kilograms. 

The G90 light is easily operated; it has a parabolic glass mirror 
90 em. in diameter, and a glass front door, is provided with an iris 
shutter and signalling shutter of venetian blind type. The drum 
has hoods and cowls and openings for ventilation, and an apparatus 
for observing the are. There are means for adjusting the carbons 
from the outside, carbon supporting arms, and a lamp taking 90 
amperes at 53 volts. The drum can be manipulated horizontally 
and vertically directly by hand or indirectly through gears and 
couphngs. The weight of the search-light alone is 258 kilograms, 
and that of the carriage with its search-light, 900 kilograms. The 
entire weight of the two units, ready for the road, is 1,700 kilo- 
orams. 

It is not enough that we should possess or have in course of 
preparation a number of search-light sets in good working order 
for any mobilization, the principal thing is: That the troops be 
trained to familiarity with the features of search-lght illumina- 
tion, both of their own and of any hostile lights, for a horse or a 
man can easily betray an entire position and draw a destructive 
fire. For that reason the distribution of hghts to all arms of the 
service 1s necessary, in order that, at the outbreak of war we may 
be prepared and not have to undergo any surprises. 


Methovs and Costof Damming the Hpmelta Crevasse 
in the Mississippt Btver™ 


The Hymelia Crevasse, caused by the floods of 1912 on the Mis- 
sissippi River, was one of the most serious breaks along the river. 
The break in the levee occurred on May 14. The Government 
attempted to repair it shortly afterward, but a second flood wiped 
out about $60,000 worth of work and compelled the Government 
engineers to abandon the task. Later, the State secured funds 
and undertook the work and accomplished the closing of the levee. 

Hymelia Plantation is situated on the west bank of the Mis- 
sissippl River, 35 miles above New Orleans. At this point the 
levee is 15 feet high, has a base of 105 feet and a crown of 15 feet. 
People living along the river became alarmed by the high water 
early in the spring and organized detachments to watch the levee 
night and day. Prompt work by these men saved the levees in 
many instances. Nine years ago a break had occurred at Hymela 
that had caused thousands of dollars’ loss, so this section was 
particularly feared and a strict watch was kept by the planters. 

Some days before the break occurred ‘‘mud boils’’ were noticed 
in front of the levee, an indication that the water was eating away 
the softer earth, and an attempt was made to stop the damage being 
done by loading the ground over the supposed hole with sand bags. 
The object of this loading of the levee was to crush in the earth 
around the hole. Such holes generally extend horizontally into 
the levee. This was, however, ineffective. Early in the evening 
about 200 square feet of the road in the rear of the levee turned 
over, as though a cellar door had been opened, and the levee began 
to erumble away. In a week 4,700 feet of levee were gone. 

After a conference with the Lafourche Basin Levee District 
officials it was decided that an attempt should be made to close the 
break, under the direction of Capt. C. O. Sherrill, U. S. Engineer 
Corps. The levee district was to share the cost with the National 
Government and placed $100,000 at Captain Sherrill’s disposal. 
Supplies and men were rushed to the scene and work started in 
the shortest possible time. The method used was to drive 4 by 4 
inch timber in several rows, commencing from each end of the 
break, filling in between the rows with sand bags as the work 
progressed. At one time it was estimated that there were 1,200 





*Reprinted, by permission, from Engineering § Contracting for September 
18, 1912, with two original discussions on the advisability of such closures. 
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men engaged on the work, filling sand bags, driving the piling, 
etc. All piling was driven by hand, using a small home-made pile: 
driver. After spending approximately $60,000, the attempt was. 
abandoned. At the time this work was going on the river stood at. 
about 40 feet, Cairo Datum. Time after time the fierce current. 
tore away the work and made another start necessary. 

After a conference with the Board of State Engineers, the Com- 
missioners of the Lafourche Basin Levee District decided that no 
further attempt should be made to close Hymelia Crevasse until 
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Fig. 1. View of Timber Dam Constructed to Stop the Hymelia Crevasse on the 
Mississippi River. 


the river went down to somewhere near the normal stage. This 
came about the beginning of July, and the Board of State Engi- 
neers decided to start the work. The flow of water had at that 
time dug for itself a channel 1,100 feet wide and 18 feet deep, the 
river being at 32.2 feet, Cairo Datum. Mean Gulf Level corresponds 
to a reading of 21.56, Cairo Datum, which would mean a head 
against the dam of 10.64 feet. In addition to this head, there 
would be the head due to the current which, at that time, was 
approximately 5 miles per hour. 

Plans were drawn for a timber dam and bids were called for, to 


METHODS AND COST OF DAMMING THE HYMELIA CREVASSE 59 


be opened July 10. The structure was calculated to withstand the 
combined heads and provided for two rows of piling having a pene- 
tration of 25 feet, 10 feet apart, with the bents on 5-foot centers. 
Along the front row was to be a 10 by 12 inch waling bolted to the 
piling. Bolted to this waling was a row of 9-inch Wakefield sheet- 
piling driven with a penetration of 20 feet. Where required by 
the depth of the channel, a third row of round piling 10 feet back 
of the second row was to be driven. Each bent was cross and tie 
braced with 8 by 10 inch timbers bolted to the piling. The work 
was to be commenced on or before July 20 and completed on or 
before August 10. A bonus of $200 a day for each day that the 
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Fig. 2. Details of Timber Dam at Hymelia Crevasse, Louisiana. 


work was completed ahead of time and a forfeit of $100 a day for 
each day after August 10 that the work remained uncompleted, 
was provided. 

Bids were submitted by the Hercules Co., New Orleans, $55 
M. B. M.; W. M. Wren, New Orleans, $75 M. B. M., and Doullut & 
Williams, New Orleans, who offered to do the work for a com- 
mission of 25 per cent on the cost of the labor and materials. After 

careful consideration and on the recommendation of Frank M. 
_ Kerr, Chief State Engineer, the contract was awarded to Doullut 
& Williams. The contract provided that the contractors were to 
furnish pile drivers, quarter boats, barges, etc., and to charge rent 
for them at the rate of $15 per day for pile drivers, and $10 per 
day for quarter boats and barges. 
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Immediately on the award of the contract, prices on the material 
were asked for from the different supply firms, and it was found 
that the piling and lumber could not be supplied without con- 
siderable delay unless a premium was offered. By paying an 
advance on the market price, an order of piling that had been sold 
for export and was on the wharf ready to be put on shipboard was 
secured. For quick delivery an advance had to be paid over the 
market price on practically all of the lumber that went into the 
dam. All of the piling lumber and hardware for the dam and all 
of the contractor’s plant, consisting of four pile-drivers, air com- 
pressor, blacksmith shop, tools, camp outfit, and men had to be 
loaded on barges and towed to the site. The pile-drivers were as- 
sembled on barges; one driver was a track driver, one turntable 
driver and two scow drivers. Five days after the contract was 
signed, all of the plant needed for the work and a big proportion 
of the material was landed at Hymelia. The first work was to 
provide a kitchen and dining room for the men. This was a frame 
building, 125 by 24 feet, consisting of two dining rooms—one for 
white and one for colored—and a kitchen with an earth floor. 
Arrangements had been made beforehand for sleeping quarters by 
having a number of houses of the plantation hands cleaned out and 
whitewashed. These houses were situated 1,500 feet from the 
work. Cots and bedding were supplied by the contractors. Dur- 
ing the first three days heavy rains retarded the work considerably, 
so that it was not until July 20 that the first piling was driven. 

After the contractors arrived at Hymelia a change in the plans 
was made by the engineers, who decided that it would be better to 
drive the third row of piling all the way across the channel with 
25-foot centers. It was also found that the bottom was composed 
of river sand so soft that the 25-foot penetration was secured in 
some cases by as few as seven blows of a No. 2 Vulcan steam ham- 
mer. On this showing, J. W. Monget, State Engineer in Charge, 
directed that the round piling should be so driven as to secure a 
penetration of 35 feet. 

Arrangements for driving piling were as follows: A driver was 
started from each side of the channel driving the second, or inner 
row, dropping back of this row every 25 feet to drive a pile in the 
third row; then pulling back and continuing on the second row. 
As these drivers moved toward the center of the channel the other 
two drivers were started from each side driving the front row. 
This arrangement was continued until the center was reached, 
when one driver completed both rows. The drivers that were re- 
leased as the center was reached were pulled back to the shore ends 
of the dam and put to work lining piles for the bracing. Hanging 
the braces was commenced as soon as the drivers had finished 
driving round piling in the center of the dam. These drivers fol- 
lowed those that were lining piles and hung the braces. <A barge, 
containing the air compressor outfit, followed the crew hanging the 
braces and bored the holes for the bolts. As soon as the lining 
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was completed, the two drivers from that work were again put to 
work hanging the waling to form the shore ends. When the two 
drivers that had been hanging braces met at the center they were 
placed at the shore ends again and started driving the Wakefield 
sheet-piling. All of the pile-driver men were union labor.- The 
best record for a day’s work—thirteen hours—on this job was made 
by the track driver, which drove 93 piles with 35-foot penetration 
in the time given. On the entire round piling the average was 70 
piles per day per driver. 

Making the Wakefield sheet-piling went on night and day from 
the time the men and material arrived at Hymelia until the entire 
1,116 were completed. Wakefield sheet-piling was made _ with 
3 by 12 inch, in three layers, with a tongue of 4 inches. Piling of 





Fig. 3. Crevasse from South End Looking Toward River. Shows how the eddy 
on land side erodes levee when river side was held with canvas. (See p. 66.) 


this class were 40 and 50 feet in length and were made by gangs of 
eight men—two carpenters and six laborers. Originally, the plans 
called for this piling to be bolted and joints were to have a 4-foot 
lap, but these plans were changed so that the bolting was elimi- 
nated and in their places 9-inch wire spikes, clinched, were used. 
Each gang averaged 30 of the 40-foot piling per day. 

An electric plant was installed for the purpose of furnishing 
hght for the night work. From the time the work started the day 
crews were worked from daylight to dark. Most of the labor used 
on the work was brought up from New Orleans, local Negro labor 
being used for such work as unloading lumber, ete. Wages paid 
were at the rate of 15 cents per hour for labor, 30 cents per hour 
for carpenters and bridge men, and 50 cents for foremen. 
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In driving sheet-piling, the best record was 122 in a day, while 
the average was 80 per day per driver. When these drivers 
approached the closing, the current had increased to 12 miles per 
hour. All of the drivers, except the track driver, were pulled to 
one side as the center of the dam was reached and the track driver 
completed the closing, working continuously from the morning of 
August 3, with the same crew, until the last sheet-piling was 
driven at 9 a. m. on August 4. <A penetration of 25 to 30 feet was 
given on the sheet-piling. 

Figuring the round piling as 10 by 10 inches, approximately 
900,000 feet board measure were used in the dam. All material 
was brought up from New Orleans in twenty-one barges. The cost 
of the dam to the levee district was, in round figures, $34,000 for 
material and labor, $1,200 bonus and $8,300 commission. As the 
next lowest bidder would have received $49,500, the levee board 
saved $7,200 by letting the contract on a commission basis. There 
was no hitch in the work at any time, as each foreman was in- 
structed as to the work he was to do, and all of the different crews 
hinged together like the work of a big machine. At no time was it 
necessary to send to New Orleans for anything that had been for- 
votten. All of the arrangements for prosecuting the work were 
made under the direction of Mr. William H. Williams of the con- 
tracting firm, Doullut & Williams. 

For the benefit of those engaged in similar work, the actual 
specifications for the timber work are given herewith: 

The construction shall consist of a timber dam erossing the 
erevasse at a point indicated on map, for such length as may be re- 
quired by the State Engineer in charge, approximately 1,050 feet, 
said construction to conform with plans and drawings. 

The Dam shall be built in accordance with the plans and draw- 
ings accompanying the specifications prescribed by the Board of 
State Engineers; requiring square or round piling, braces, waling, 
sheet-piling, all of merchantable pine, sound and free from all de- 
fects impairing strength of structure, with bolts, nuts, washers 
and spikes, all of which shall be furnished and placed in position 
under the following specifications. 

Piles shall be either square-hewed or round; they shall be 12-inch 
at butt end and not less than &-inch at small end. They shall be 
driven or placed in position in such a manner as to prevent shatter- 
ing, splitting or brooming; they shall be driven plumb, in true line, 
and spaced as shown on drawing. ‘The piles shall be of such length 
as determined by soundings and cut off at an elevation of 35.0 
Cairo Datum, and shall have sound head, not split nor broomed, 
nor cracked. The piles in each row shall be spaced longitudinally 
5) feet between centers and the rows shall be spaced transversely 10 
feet between centers. All piles shall have a penetration of not less 
than 25 feet below the surface of the ground. 

Braces. Sawed, sound and square edged; they shall measure 8 
by 10 inches; they shall be carefully bolted on piles as shown on 
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plans; they shall be about 14 feet long, length to be determined 
by the water surface. 

Ties. Sawed, sound, square edged; they shall measure 8 by 10 
inches, one on each side of pile, carefully bolted on piles as shown 
on plan, and shall be 11 feet long. 

Sheet-piling. Sawed, sound, square edged, planed on inner sur- 
face; shall be of such length as determined by soundings; driven to 
an elevation of 35.0 Cairo Datum, and have a penetration not less 
than 20 feet below the natural surface of the ground; they shall 
consist of 3 pieces 3 inches thick, and 12 inches wide, closely and 
accurately bolted and spiked together as shown in detail drawings, 
the tongue to project 4 inches on one side with groove of the same 
depth on opposite side; they shall be carefully driven, plumb, 





Fig. 4. Sand Bag Spur Protecting Levee on Land Side from Reverse Current of 
Eddy. (See p. 66.) 


with close joints, top flush with top of piles, and not cracked, split 
nor broomed; bolted to waling piece (see detail plan, p. 59). 

Bolts, Washers and Spikes. Shall be of the best quality of 
wrought iron, perfect in all respects, with nuts, washers and screws 
of United States standard dimensions; all screw threads shall be 
eut of sufficient length to permit tightening up of screws without 
the use of extra washers; there shall be a cast-iron washer of good 
quality and pattern at each end of all screw bolts, not less than 
3 inches in diameter; bolts for sheet piling shall be standard %%- 
inch carriage or machine bolts with accompanying nuts and wash- 
ers. 

Workmanship shall be of the highest standard, subject to the 
approval of the State Engineer in charge. 
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Member American Society of 
Civil Engineers 

My own experience in dealing with breaks in the levee has been 
confined almost solely to the upper part of the river; that is, along 
the Yazoo Basin front. As a result of such experience my econclu- 
sion is, That it is unwise to attempt the closure of a crevasse unless 
it can be done in the incipient stage of the flow through the open- 
ing; or, as the surgeons say, the wound can be healed ‘‘by first 
intention. ”’ 

If the work must be done with deliberation, and time consumed 
in assembling plant and material, the usual result is, that by the 
time of completion of the work of closure the flood has receded 
and the closure accomplishes nothing but a waste of money. 

Occasions have arisen in my experience when it was found ex- 
pedient to cut off the flow through the crevasse on a receding flood, 
where the physiographical features rendered the work feasible and 
the cost moderate, thereby saving valuable time for the land- 
owners in the seeding season. 

But the earth formations in the upper part of the river’s course, 
and this should probably apply to all above Red River, is favorable 
generally to a very rapid widening of the opening through the 
levee, and deep gorging of the land in the track of the flow; con- 
ditions very unfavorable to the operations of crevasse closing. 

In the territory in lower Louisiana the earth formation is much 
more homogeneous and of a more tenacious character than obtains 
in the regions farther up the river; and some successful attempts 
have been made in that region to close crevasses; but whether the 
cost was economically justified I am not informed. 

The only method of crevasse closure that has been successfully 
employed, in the more deliberate operation, is first to build a 
skeleton work composed of small hand-driven piles, four or six to 
the ‘‘bent,’’ so disposed as to minimize the obstruction to the flow 
of the crevasse water through the structure. Upon this structure 
is then placed a walkway of plank, to give ready access to all parts 
of the work at the same time; then a revetment of earth sacks is 
placed on the ground between the rows of piles, consisting of one 
thickness of the bags, and this is extended outside of the structure 
to catch the overpour. The further operation is the placing of 
additional sacks within the structure so as to bring it up uniformly 
in height throughout its entire length, allowing no concentration 
of flow at any point. This process is continued until the top of 
the sack levee surmounts the surface of the flood water and the flow 
is entirely cut off. If available, brush may be distributed uni- 
formly along the upstream side of the piles, to moderate the ve- 
locity of flow. 


*Chief Engineer Yazoo-Mississippi Delta Levee District. 


METHODS AND COST OF DAMMING THE HYMELIA CREVASSE 65 


But the essential principle to be adhered to is, by a rapid dis- 
tribution of materials along the whole length of the structure to 
bring it up as nearly as practicable with a uniform top level, so as 
to avoid concentration of flow with resulting scour of the ground 
behind the dike. 

This seems a rather meager treatment of the subject, but em- 
bodies about all that is to be said in a general treatment of it. 


apo Gr OosHERRIEE 
Corps of Engineers 
Hymelia Crevasse (figs. 3, 4, 5, 6, 7, 8, and 9) occurred May, 
1912, at 7 p. m., but inasmuch as the United States does not share 
in the care of the levees after they are built, and has never before 





Fig. 5. Canvas Ready for Placing on End of Levee. (See p. 66.) 


undertaken the closure of a large crevasse, no material or complete 
organization were on hand ready for the work of closing the break. 
Due to this and other related causes, construction work was not 
started until the crevasse was about 800 feet wide with the levee 
ends caving at the rate of 200 feet a day. This delay allowed such 
an extensive erosion of the batture in front of the crevasse that the 
closure was found to be impracticable until the river should have 
fallen to a more normal stage. 

The method followed in the attempt to close the crevasse was to 
build, at a point about 780 feet from each caving end, open crib- 
work across the batture so as to pass jaws of crevasse at a distance 
of about 400 ft. (Figs. 6 and 7.) The cribwork consisted of 5 rows of 
4 by 6 inch timber piles, spaced 8-foot centers transversely and 
4 or 5 foot centers longitudinally, driven to a penetration of at 
least 12 feet. For driving piles, improvised pile drivers were used 
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for three days while two batteries of four pile drivers each, with 
250-pound hammers, were being made (photographs show the 
crevasse and details of erib and pile drivers). 

Rapid progress was made with these latter, about 250 feet a day 
being accomplished. The cribwork consisted of 2” by 12” roadway 
bearers drifted to piles, and further supported by 2” by 6” longi- 
tudinal stringers to stiffen the structure and to help earry the 
load of sacks later to be placed on the crib. <A 3-inech flooring was 
securely nailed to the stringers to cover the entire upper surface, 
except where openings were necessary for dumping sacks. The 
crib was further strengthened by triangular braces on the two 
downstream rows of piles, placed in such a manner as to act as a 
truss and independent of scour of the batture. It was planned 
to haul out filled sacks on the cribwork with dummy ears and mules, 
and load them on the decking in sufficient quantities to floor the 
entire crib simultaneously as soon as interlacing should be com- 
pleted. About 1,000,000 filled sacks were required. The interlacing 
consisted of 2 by 4 inch timbers spaced 12 inches center to center, 
driven to a penetration of at least 8 feet. These interlacing piles 
were driven along the front of each open crib to hold the sacks 
against the force of the current. 

The. method used in holding the ends of the crevasse against 
erosion consisted in placing heaviest doubled canvas sheets around 
the ends of the levees. These sheets were weighted down to the 
base of the levee with railroad iron placed longitudinally, the can- 
vas then being made fast by chains sewed to its upper side and 
inner end. This method had been tried with success at the Torras 
Crevasse, where the soil was largely a clay, known as ‘‘buckshot;”’ 
but here, where the soil was light silt and sand, the plan was sue- 
cessful only to the extent of reducing the caving from 200 feet a 
day to.10 or 20 feet a day, until the barrow pits were washed out 
to a depth of 30 to 40 feet. The work advanced rapidly except for 
the delay due to securing pile drivers and materials, but four days 
were practically lost before these and sufficient plant were ready 
for work. 

On May 28, due to erosion along the barrow pits, 240 feet of 
the north end of the levee gave way in about two hours time; and 
on May 25, 200 feet additional went off practically at once, taking 
the end of the crib with it. These causes, together with the 
rapid caving of the batture toward the river along the lower chan- 
nel, led to the abandonment of the work on May 25. There was 
expended all told on this work, by the United States, by private 
interests, railroad companies, lumber companies, and levee board, 
approximately $38,000.00. 


TIMBER CRIB DAM. 


About two and a half months after the occurrence of the crevasse, 
the State Board of Engineers of Louisiana let the contract for the 
timber crib dam deseribed in the article ‘‘Methods and Cost of 
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Damming the Hymelia Crevasse in the Mississippi River.’’ This 
timber crib dam was built to allay the fears of the residents of 
the affected district that the water would continue flowing through 
the crevasse until late in the fall. The dam had no effect on the 
work of replacing the levee, except to decrease slightly the spread 
of dredged material on the river side of the fill (see cross section, 
APH Ged 

The author of the article in question inadvertently makes several 
statements which give a wrong impression of actual conditions. 
He says: ‘‘The flow of water had at that time dug for itself a chau- 
nel 1,100 feet wide and 18 feet deep, the river being at 32.2 feet 
Cairo Datum. Mean Gulf Level corresponds to a reading of 21.56 





Fig. 7. Temporary Protection Crib for Holding Levee End. (See p. 65.) 
Cairo Datum, which would mean a head against the dam of 10.64 
feet, in addition to the current, which at that time was approxi- 
mately 5 miles per hour.’’ It is also stated that ‘*‘When these 
drivers approached the closing, the current had increased to 12 
miles per hour.’’ The survey party working at Hymelia measured 
the head against the dam immediately after it was finished and 
found this head to be 15 inches instead of 10.54 feet. A party of 
engineers inspected the work when it was two-thirds finished and 
found the water apparently without current and at the same height 
on both sides of the dam. In fact, the dam, though an excellent 
piece of construction in still water, and well executed, was in no 
sense a closure of a crevasse. 
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REBUILDING THE LEVEE. 


On August 20, 1912, the Fourth Mississippi River Engineer 
District let a contract with Landeche & Lambert Bros. for all of 
the new levee on line A, B, C, D, E (fig. 8, p. 69), except portion 
CK, which includes that through the gorge. This contract in- 
volves 90,000 cubic yards at 24.9 cents per yard. 

On August 1, the dredge Pascagoula was secured from Ma)j. 
C. A. F. Flagler, Corps of Engineers, for the work of filling in the 
gorge to form the base of that part of the levee through the chan- 
nel. The dredge worked for twenty-one days and placed 76,000 
cubie yards net in the gorge, pumping the earth from the point H 
on the island formed by crevasse. The section (fig. 9, p. 71) shows 
the result of the dredging along a typical section of the levee. On 
account of a large quantity of silt which had been deposited in 
the gorge, it is estimated that the dredge actually moved over 
100,000 yards of earth to give a net of 76,000 yards after settle- 
ment. The total cost of this work, including all expenses of tow- 
age of plant from Gulfport to Hymelia and return, a distance of 
468 miles, was $12,000.00, or less than 16 cents per yard. 

The Pascagoula could net be spared longer for the work from 
the Mobile office, so it became necessary to let a contract for the 
remaining 80,000 cubic yards of levee on the base thus prepared. 
The Southern Dredging Company was given the contract, on 
September 18, at 54 cents a yard, the only other bid having been 
78 cents. Informal estimates had been received from contractors 
on building the levee across the gorge before any dredging was 
done, and none were less than $1.00 per yard, with no offers to 
take it at that rate. By using the dredge for filling the gorge, 
instead of letting the work as a whole by contract, the Government : 
saved about $90,000.00, or about $52,000.00 more than the total 
cost of the attempt to close the crevasse. 


;ENERAL REMARKS ON THE CLOSURE OF CREVASSES. 


Kach time disastrous floods occur on the Mississippi River, the 
question comes up as to the advisability of attempting to close 
erevasses. The reasons generally given for not attempting their 
closure are: Ist. The great difficulty and expense of the under- 
taking, even if successful; the probability of failure, and the great 
damage that will have been done before the closure 1s completed. 

The chief reason for failure in closing crevasses in the past has 
been that no previous plans have been made for the work, no 
materials and plant have been collected, and no organization pro- 
vided ready for the emergency. The result has been that several 
days delay in getting started occurs, the width of opening be- 
comes greatly enlarged, and the erosion of the gorge immensely in- 
creases the difficulty of the work. 

Up to the present, too, no successful effort has been made to im- 
prove the system of closure heretofore used—an open-erib structure 
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floored throughout by the simultaneous deposit of sacks of earth. 
To close a crevasse by the present methods the entire crib must be 
finished before the sacking begins; otherwise, erosion of the soil is 
so rapid, due to a partial obstruction of the current by the sacks 
placed at one spot, as to cause the piles to be quickly undermined 
and the structure to be destroyed. When the entire crib has been 
floored with sacks of earth, it is possible to elevate the sack filling 
by successive layers without causing extensive erosion. It is 
evident that in water 10 to 20 feet deep an enormous number of 
sacks must be used to fill the four or five rows of cribs necessary to 
the stability of the structure under a head of 8 or 10 feet, and 
against a 12 to 15 mile current. 

The only other method of closing crevasses, seriously suggested 
up to this time, is the use of timber sheet-piling driven from each 
end, as in case of the timber crib. This has never been used suc- 
cessfully against heads of more than 5 or 6 feet, on account of the 
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swift current and enormous erosion caused as the flow is reduced, 
due to the obstruction of the sheet-piling. This difficulty will 
be appreciated by any one who has ever seen the rapids below 
Niagara, as a large crevasse is quite as turbulent (see photographs). 

Fig. 10 (p. 73) shows type of closure that appears to me to be 
possible at small cost and with reasonable certainty of success. 
The first essential in the work is to have two complete independent 
units fully equipped on barges, with supplies of steel sheet piling, 
steam pile drivers, and all supplies necessary for the work. These 
barges would be moved to the two ends of the crevasse and the 
construction of the sheet-piling caissons would be begun (as indi- 
eated on fig. 10 for holding the ends of the levee. It would be 
necessary to extend the land side of these ecaissons until there 
would be no danger of the erosion cutting the levees in rear of the 
caissons. If the sheet piles were driven to a penetration of about 
20. feet at first, it would be sufficient. Later, as the earth at the 
ends of the levee eroded enough to threaten the caisson, the resist- 
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ance to driving would be so decreased that these piles could be 
driven as deeply as required. 

As soon as caissons were finished, pile drivers would start driving 
the line of sheet piling marked A, B, (fig. 10, p. 73), the pile driver 
being supported on round piles driven as it advanced across the 
crevasse. This first row of sheet piles would be driven practically 
flush with the original ground surface in order not to obstruct the 
current and thus increase the scour. As soon as this row was com- 
pleted, working from both ends, a second row would be driven to a 
height of about 3 or 4 feet above the first; because, having the 
first row placed, the fall of water between the two rows would not 
cause undue scour and also the small head would be easily sup- 
ported by the sheet piles. Similarly, a third and, if need be, a 
fourth row would be driven, until the last row extended above the 
water. The location of the lines of sheet piles would be varied 
according to current and soil; in good clay they could run straight 
across. A hydraulic dredge would then be put to work filling’ be- 
hind and over the sheet-piling to rebuild the levee. The sheet 
piles could be removed for future use as soon as the levee in rear 
was finished. 

The greatest difficulty in this work would be to drive the round 
piles for the pile driver platform in the swift current, but as there 
would be no obstruction to flow other than the levee ends, this 
should be feasible. The work of driving the sheet piling would 
involve only two sheet piles being opposed to the current at a time, 
for as soon as the one in advance was driven to a sufficient penetra- 
tion, the next one in rear would be then driven flush with the 
original ground surface—using: a follower. The above system ean, 
in my opinion, be used successfully in all cases where the soil is of 
clay and probably in all kinds of soil, but with greater risk where 
silt and sand are found. 


ADVISABILITY OF ATTEMPTING THE CLOSURE FROM AN ECONOMIC POINT 
OF VIEW. 


The majority of engineers seem to be of opinion that even if a 
crevasse could be closed it would not pay, because most of the 
damage would be done before the work could be completed. With 
this view I do not agree, because, assuming that the closure would 
require three weeks at the outside, this would mean that the water 
would be on none of the land much longer than that time and the 
extent of territory covered would be small as compared with that 
covered if the crevasse were allowed to flow for three or four 
months as usually happens in such eases. I believe the closure 
could generally be effected in less than two weeks. 

The losses from crevasses in the Mississippi Valley are largely 
due to the destruction of crops and live stock, but most of all to 
the fact that planters are prevented from replanting by the length 
of time the water remains on their fields. To see the frightful 
rush of waters over the country, one naturally thinks everything 
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is lost, but the actual damage to buildings and improvements, ex- 
cept above noted, is relatively small. Residents could even remain 
in their houses and care for their stock for two or three weeks, if 
assured that the flow would be stopped. A large percentage of the 
lands could be protected from overflow by the present systems of 
back levees, if the elevation of the crevasse water were limited by 
a two weeks flow. A crevasse closed within two weeks would usual- 
ly reduce the losses to one-fifth or one-tenth of the total that would 
occur if it were left unclosed. The resultant saving would amount 
to millions of dollars for each crevasse closed, so why not spend 
some money on previous preparation for an attempt which prom- 
ises so much if successful? The Hymelia Crevasse was flowing un- 
til about August 1, or two and a half months after it occurred, and 
replanting in the affected territory was impossible. The losses 
from crevasses in Louisiana this year are estimated at $25,000,000, 
of which about half was due to breaks in Arkansas. 

In conclusion, this is an engineering problem which promises 
probably larger returns on the investment for successful solution 
than any other ever presented, and I, for one, am convineed that 
it can be solved by careful preparation beforehand, combined with 
organizations practiced for a few weeks in their duties. 


Mr. LUTHER ~Y (KERR 


Assistant Engineer; Member American Society 
of Civil Engineers 


This article appears to contain several important imaccuracies, 
the correction of which is necessary, to the end that the reading 
puble may have the benefit of more exact information than 
it affords in its present state; which, however, for casual reading, 
offers an interesting Insight as to the extent of levee crevasses, as 
well as of the difficulties and cost of their repair or control. 

The author, speaking of the break, states that: 


“The Government attempted to repair it shortly afterwards, 
but a second flood wiped out about $60,000 worth of work and 
compelled the Government engineers to abandon the task.”’ 

From an examination of the gage. readings at College Point, 
about 25 miles above the break, we find that there was not the 
shehtest upward oscillation of the flood between May 14, the date 
of the break, and August 4, the date of the completion of the 
closure. 

Captain Sherrill states in his ‘‘Report of operation’’ for the 
month of May, concerning the Government engineers’ attempt to 
close the gap: 

“The actual work of driving piles for cribbing and protecting 
the ends of the levee to prevent further caving was begun May 18, 
and was finally abandoned May 25, due to failure to prevent 
erosion of the ends of the levee and the rapid deepening of the 
channel through the ecrevasse.’’ 
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The difficulties reported by Captain Sherrill are precisely the 
troubles that may, uniformly, be expected in such undertakings. 

When a flood, with a head of 10 or more feet, breaks through the 
levee, the current created by such head is obviously very great, 
with the result that its impingement upon the natural adjacent 
soil, frequently of a hight loamy character, causes immediate and 
extensive erosion or scour, usually covering the entire width of the 
break, and extending for several hundred feet inland. 

These crevasse erosions, or ‘‘ Blue Holes’’ as they are commonly 
ealled, frequently exceed 50 feet in depth below the natural surface. 
Under such conditions one may readily understand that any local 
obstructions placed in or near the crevasse, under such current 
conditions, especially if it disturbed the then existing soil equi- 
hbrium, as would naturally result from the driving of piles, would 
ereatly aggravate the situation and increase the rate of scour. 

The author states that the levee at the break was 15 feet in 
height, which checks closely with the levee profiles of record in the 
United States Engineer Office at New Orleans. 

By comparing the flood heights of 1897 with that which broke 
the Hymelha levee, and applying the difference at that point, we 
find that there could probably not have been more than 13 feet of 
water against the levee upon the date of the break, May 14, 1912. 
On that date the College Point gage read 30.1 feet, and the Carrol- 
ton gage read 20.6 feet. On July 20, when the closure by the 
State authorities was initiated, the College Point gage read 12.6 
feet and the Carrolton gage read 8.3 feet, giving a fall of 17.5 feet 
at College Point and 12.3 feet at Carrolton. 

Allowing for the flattening of the slope and correcting to the 
location of the crevasse, a fall of 15.3 feet between the above dates, 
is indicated for that locality, from which it appears that the flood 
plain on July 20, at the Hymelia Crevasse, was 2.3 feet below the 
natural banks of the river, at which stage this second effort at a 
closure was begun. By the time this closure had been completed, 
August 4, there had been a further fall of 4 feet, making a total 
fall of 19.3 feet, and bringing the flood plain down to 6.3 feet below 
the natural surface. 

These deductions are, in a measure, borne out by the exposed 
bank in evidence in the background of the illustration published 
with the article under discussion. 

Now, with the river flowing 6.5 feet below its natural banks, was 
not the final work on this structure more in the nature of wooden- 
dam-construction across a lake? 

It is true that the adjacent country slopes away from the river, 
but a careful inspection of the topographical maps of this locality 

will indieate that it is apparently about three-fourths of a mule 
from the crevasse back to a contour over which the river at that 
stage could flow. 

The manner and rapidity in and with which labor, machinery, 
and materials for this work were assembled, the organization that 
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was perfected in so short a time under the most trying circum- 
stances, and the systematic manner in which actual construction 
progressed are all a matter of great credit to the ingenuity and re- 
sourcefulness of the man or men ‘‘ Behind the Guns.’’ But, did at 
pay? 

What was the actual damage being done by the discharge through 
this crevasse August 4, with the river flowing 6 to 7 feet below its 
top banks? 

The class of construction customarily employed in attempting 
crevasse closures can rarely, if ever, be subsequently incorporated 
in the permanent repair, and certainly the large expenditures in- 
volved are not warranted simply to appease a public clamor for 
‘*something’’ to be done when the engineers are satisfied that re- 
lef will come in a natural way before, or by the time, it could be 
accomplished otherwise. 

In 1890, the Mississippi River Commission passed the following 
resolution : 

“That it is the judgment of the Commission that it is, as a rule, 
an unwise expenditure of money to attempt the closure of flowing 
crevasses, ”’ 

The writer has seen in action a great many of the larger crev- 
asses, and the result of practically all of the crevasses that have 
occurred between Cairo and Vicksburg, during the past twenty 
years, and he has observed no conditions that, in his opinion, 
seemed to discredit the wisdom of that resolution. 

Now, inasmuch as an elementary knowledge of the best methods 
of preventing crevasses should be conducive of much better results 
than the most advanced theories of how to close them, I would like 
to touch lightly, in passing, on the method employed to stop the 
‘‘mud boils’’ that developed behind the levee. 

It is stated that ‘‘an attempt was made to stop the damage being 
done by loading the ground over the supposed hole with sand bags.’’ 
‘“The object of this loading of the levee was to crush in the earth 
around the hole.’’ The application of such methods under such 
conditions is, in the writer’s opinion, little short of courting dis- 
aster 

When seep water appears on the back slope of the levee to such 
an extent that sloughing is threatened, the problem at hand is not 
to prevent the water from passing out, but rather to permit of its 
passage and disposal as readily as may be and, at the same time, 
hold the levee material in place. 

This is usually accomplished by first laying a mattress of brush, 
or other material, such as to afford free drainage, over the threat- 
ened slough, and then heavily weight such mattresses with sacks of 
earth. 

In the case of sand, or mud, boils back of the levee, perhaps the 
safest and most practical method is to build a wall around the 
threatened area with sacks of earth, allowing the well or inclosure 
so formed to fill up with water discharged from the seeps and 
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boils, thus creating counter head, with diminished seep water ve- 
locity, and affording an opportunity for the seeps and boils to 
choke themselves out by way of deposited, or slowly infiltrated, 
sand. The water impounded in such ease need not be very deep, 
2 or 3 feet would be ample, and it can then be allowed to flow over 
the wall or out through a spillway. 


Catsson Work at Hales Bar Dam 
BY 


E. L. MADERE AND ROGER B. MCWHORTER 


Junior Engineers 


Hales Bar Dam is located in the mountain section of the Ten- 
nessee River, 33 miles below Chattanooga, Tenn. The contract for 
this project was let in September, 1905, but work did not begin on 
the dam proper till November, 1909. This dam is being construct- 
ed for the dual purpose of power development and river improve- 
ment. The river between Chattanooga and Hales Bar contains a 
series of swirls and rapids, and at low stages 1s impassable to steaim- 
ers; this condition will, of course, be remedied when the dam is 
completed. The dam is 1,200 feet long, joining the powerhouse 
on the left bank and the lock on the right bank. Its height varies 
with the elevation of the foundation, as does its width, the back 
being battered three horizontal to four vertical, while the upstream 
face is vertical. The maxinium height thus far is 76 feet. The 
erest of the dam is at elevation 636, low water at Hales Bar being 
598.5 feet above mean Gulf level. Its cubical contents are esti- 
mated to be 100,000 yards of concrete, of which 60,000 yards have 
been placed. 

The foundation rock is a badly seamed limestone, having been 
cut into numerous boulders of varying sizes by the action of water. 
This leaky and creviced rock made deep excavations necessary to 
secure foundation, and the original idea of securing all the foun- 
dation in the open had to be abandoned, after 544 linear feet had 
been secured. The theory was advanced that the water, which 
gave so much trouble in the coffers, came from mountain springs, 
but an experiment proved conclusively that the water came from 
the river. Potassium permanganate was put in bags and sunk 
to the bed of the river above the upper cofferdam, and a trace of it 
was easily detected in a sample taken from the pit at elevation 562. 
As the work progressed toward the middle of the river, from both 
sides, the water, due to the leaky and ereviced rock, grew more 
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difficult to control, and it finally became apparent that the open- 
air method was no longer feasible. Consequently, the use of 
pneumatic caissons was permitted by the United States Govern- 
ment, July 27, 1911, and their construction began August 11, 1911, 
The accompanying illustration (Plate 1) shows relative amounts 
of foundation secured by the two methods and amount yet to be 
secured by the caisson method. 

Two rows of caissons form the base of the dam where the caisson 


method has thus far been employed. The size adopted for the 


face caissons was 40 by 40 feet; and for the toe caissons, 30 by 32 
feet. The first set of caissons were placed 1 foot apart, but much 
trouble was experienced in sealing the spaces between them, and 
those built later were placed 18 inches apart. 

For the remaining caissons to be placed, it has been decided to 
increase the breadth across the current to 54 feet and the leneth 
in the direction of the current to 70 feet, and eliminate the toe 
eaissons. There will be five caissons of this size and they will be 
placed 3 feet apart. All caissons are built of conerete with a 
steel cutting edge, and are sufficiently reinforced with 1-inch 
twisted steel rods to prevent any likelihood of a collapse. The 
illustration (fig. 1, p. 79) will give an idea of how this reinforce- 
ment is placed. Each of the 40 by 40 and 30 by 32 foot eaissons 
have two circular steel shafts, 3 feet in diameter, extending through 
the roof, one forming the manlock and the other the mucklock. The 
54 by 70 foot caissons will have four mucklocks and two manlocks. 

The foundation under some of the caissons, after the excavation 
had been carried to a reasonable depth, evidenced by test borings, 
showed up as well as any foundation secured in the open; others 
having gone to a much greater depth, showed very unsatisfactory 
conditions. (See accompanying illustrations, Plates II and III.) Un- 
der caissons, as in the open, the foundation is thoroughly tested to 
a depth of from 8 to 12 feet by percussion drill holes before con- 
ereting is begun and all holes developing crevices or leaks are 
piped for subsequent grouting, in view of solidifying the founda- 
tion and stopping the leaks. The grouting is done from the outside 
after the interior of the caisson has been concreted, the pipes hav- 
ing been extended through one of the shafts to a convenient height 
above the caisson. 

When the caisson rests in its final position all gravel, sand, and 
clay is removed from the surface of the rock and surface seams 
are cleaned as deep as 1s thought practicable; generally, from 2 to 
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5 feet, according to the breadth of the seam. The clay and clay- 
bag seal around the cutting edge is replaced by a wall of cement 
in bags laid in neat cement mortar. This wall, when practicable, 
joins the adjacent caissons, and during its construction 2-inch 
pipes are inserted into the space between the caissons, later to 
be extended up through the muckloeck and used in blowing the 
material out of the space and in grouting same. All leaky test 
holes and springs are piped for grouting. The surface of the 
rock, and walls and roof of the caisson are then washed and the 
caisson is ready for concrete, which is locked in at the rate of 
about 20 yards per hour. It is impossible to completely fill the 
interior of the caisson from below, and the small space that remains 
near the roof is sealed by grouting through 38-inch pipes, placed 
through the roof of the caisson during construction, especially for 
this purpose. For fear an effective bond would not be gotten 
here and regardless of the fact that the dam is a gravity section, 
two rows of l-inch anchor rods, 3 feet long, were placed on the 
upstream side of the caisson, the rods being 2 feet apart in the 
row and staggered. These rods are placed during the construction 
of the caisson, and half their length projects into the working 
chamber for the purpose of anchoring the caisson to the concrete 
core below. 

The spaces between the caissons are treated by three different 
methods, those very narrow being treated altogether by grouting ; 
others, where there is room enough for a man to work and where 
one of the cutting edges is at a relatively high elevation, are 
cleaned out and filled in the open; still others are covered with a 
concrete roof and worked under compressed air. As previously 
stated, the grouting method is particularly adapted to narrow 
spaces and to spaces where the excavation goes to an exceptionally 
great depth on both sides. This method is very laborious and 
tedious. A high-pressure water hose is turned into the space, 
which gets the clay in suspension, and a syphon running simulta- 
neously throws it out. This is continued until the clay is prac- 
tically all out. A cap of concrete about 4 feet thick is then built 
over the top of the space, through which 3-inch pipes are placed, 
3-foot centers, for the purpose of subsequent grouting and drilling. 
When this cap of concrete has set, all foreign material remaining 
-in the space is washed or blown out through the pipes, under high 
pressure. When the space is satisfactorily cleaned, grout is forced 
into it under pressure. After this grout has set for forty-eight 
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hours or more, percussion holes are drilled through the pipes to a 
depth not lower than the higher cutting edge of the two caissons. 
This process of grouting and drilling is repeated until any space 
thus treated takes less than fifteen bags of cement, when it is 
considered sealed and is accepted. 

Spaces concreted in the open are thoroughly cleaned down to 
the rock upon which the higher cutting edge rests. 

The loose material between the lower cutting edge and the rock 
can not be removed by hand, and consequently 2-inch pipes are 
driven to the elevation of the lower cutting edge and extended to a 
convenient height above the caissons. The space is then filled with 
concrete, and after it has set a sufficient length of time the re- 
maining material 1s washed and blown out through the pipes (in- 
cluding those placed under the cutting edges from the interior 
of the caisson), and is replaced by grout. (See accompanying 
Ulustration, Plate IV.) 

Sealing spaces under compressed air is very similar to the open- 
air method but is more expedient, inasmuch as several spaces can 
be worked at one time. A concrete roof is built over the spaces, 
with the necessary shafts included, after which the excavation is 
varried on as 1n an ordinary ¢aisson. 

When practicable, the concrete laid immediately above the cais- 
sons is made to break the joints between the caissons 3 feet or more. 

In conclusion, it might be stated that the rate of progress of the 
work since the innovation of caissons has been slightly greater 
than it was under the open-air method, and this, too, when caissons 
were used on the worst section of the dam site, therefore necessita- 
ting much deeper excavations. The very fact that the excavations 
under some of the caissons went 25 feet deeper than the excava- 
tions in the open, and that 27 pounds of compressed air were re- 
quired to control the water, makes one realize the infeasibility of 
other methods; and while it is the opinion of the writers that pneu- 
matic caissons are not ideally adapted to dam foundations, it is 
thought that the results obtained by the caisson method, as used 
on this work, will prove satisfactory. 
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Biographical Memotr of Fon Gross Barnard* 


BY 


Brig. Gen. HENRY L. ABBOT 
Corps of Engineers (Retired). 


The act of March 3, 1863, incorporating the National Academy 
of Sciences, contains the name of Gen. John G. Barnard as one of 
the original fifty members, and his interest in its object and 
‘development ended only with his life. 

He was born in Sheffield, Mass., on May 19, 1815, being the 
second son of Robert Foster and Augusta Porter Barnard. His 
father, the son of Dr. Sylvanus and Sarah Gross Barnard, was a 
lawyer of marked ability, known beyond the circle in which he 
dived, although always leading the quiet life of a small town. 
General Barnard’s mother traced her descent from a somewhat 
remarkable old New England family. Among the early settlers 
of the country, John Porter and his wife, Rose, settled at Wuind- 
sor, Conn., which he represented in the legislature in 1646. In 
the fourth generation Colonel Joshua Porter married Abigail 
Buel, the daughter of Peter Buel, whose wife was the widow of 
Noah Grant, one of the ancestors of General U. S. Grant. Thus 
it happens that the great-grandmother of General Grant and of 
General Barnard was one and the same person. 

The boy spent the first twelve years of his life at Sheffield, 
attending the village school, and was then sent to begin his more 
advanced studies under his brother, our late colleague, President 
Barnard, who, after graduating at Yale College, was then teach- 
ing school in Hartford. A year later his great-uncle, General 
Peter B. Porter (for whom Fort Porter, at Black Rock, Buffalo, 
is named), who was then Secretary of War, offered the boy an 
appointment at West Point. This was gladly accepted, and he 
entered in 1829, having just passed his fourteenth birthday and 
being probably the youngest pupil ever admitted. 

- He was graduated at the end of the four years’ course with 
second rank in a class of 43 members, several of whom attained 
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distinction in their subsequent careers. He was assigned to the 
Corps of Engineers as Brevet Second Lieutenant on July 1, 1833, 
and, passing through all intermediate grades, became Colonel on 
December 28, 1865, having received five brevets for distinguished 
services in the Mexican and the Civil wars. He was retired on 
January 2, 1881, and died on May 14, 1882. Such in brief is 
the outline of a career which exerted no small influence upon 
the current events, both civil and military, of the times in which 
he lived. 

In the civil branches of his profession General Barnard’s sery- 
ices covered works of construction and of internal improvement 
extending from the Great Lakes to the Gulf of Mexico and from 
the Atlantic to the Pacific coast. In this wide area few impor- 
tant engineering problems engaged the attention of the Govern- 
ment in which his advice was not officially demanded, either 
individually or as a member of special boards and commissions. 
His professional duties were not even restricted to the limits of | 
the United States. During the war with Mexico he superintended 
the construction of defenses at Tampico and made surveys about 
the City of Mexico, and in 1850 he was named by the President 
chief of a scientific commission for the survey of the Isthmus of 
Tehuantepec with a view to establish a route of commerce and 
travel to our newly acquired Pacific possessions. The report drawn 
up by J. J. Williams, in 1852, gives the first full account ever 
published of that isthmus. The exposures incident to this service 
in the tropics affected his health so seriously that he never entirely 
recovered. In later life he was sent to Europe twice as a member 
of commissions to collect information needed by the Government. 

General Barnard’s military services during the Civil War were 
conspicuous. At its very outbreak he initiated, as chief engineer 
of the Department of Washington, field works for the defense of 
the city. In the Bull Run campaign he served as chief engineer 
on the staff of General MeDowell; and the details of the general 
plan to turn the enemy’s left were established upon his personal 
reconnaissances, made on the day before the battle, of the route 
by Studley Springs. At the organization of the Army of the 
Potomac, in August, 1861, he became its chief engineer, and after 
oreatly extending the defenses of the city he accompanied General 
MeClellan in the spring to the peninsula, and served as his chief 
engineer during the entire campaign. At the siege of Yorktown 
he commanded all the engineer troops, and directed the location 
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and construction of the batteries and approaches. On the Chicka- 
hominy he was charged with the construction of the bridges and 
‘batteries, and was often consulted as to the position and move- 
‘ments of the troops. After the occupation of Harrisons Landing, 
contrary to the views of General McClellan, he favored the with- 
drawal of the army to Washington. On the 16th of August he 
was individually recalled to that city, and was placed in command 
of the fortifications,including the troops assigned to their defense; 
but on the 2d of September he relinquished the latter, not having 
a rank commensurate with the duty. His commission as Brigadier- 
General of Volunteers dated from September 23, 1861, while the 
troops which had become available for defending the city were 
often commanded by officers of higher rank. He, however, re- 
tained the charge of the defenses until their essential completion 
-early in 1864, and was often called upon for reports and advice 
as to general plans, such as operations against the chief ports of 
the enemy, the defense of Harpers Ferry, of Pittsburg, of the 
lake shore, against raids from Confederates in Canada, and also 
as to important naval problems. In January, 1864, he applied 
for duty in the field, and on the Sth of June was assigned to 
General Grant’s staff as chief engineer of the armies in the field. 
He served in that capacity until the surrender of Lee’s army, 
on April 9, 1865, taking an active part in the operations in Vir- 
ginia. As his office was finally organized, weekly reports of the 
chief engineers of the two armies, monthly reports of materials 
received and expended, requisitions for engineer supplhes, ete., 
were submitted to him at General Grant’s headquarters. He also 
devoted much time to careful inspection of the extended lines. 
In recognition of his services in the Civil War General Barnard 
received the brevets of Colonel, Brigadier-General, and Major- 
General in the Regular Army, and of Major-General in the volun- 
teers. He was also named in the act of March 3, 1865, as one of 
the one hundred corporators to establish a miltary asylum for 
disabled volunteers. 
Although present in many important battles in the Civil War, 
and assisting by his counsels in the decision of many important 
military problems affecting naval operations, as well as those on 
land, it is upon his services as chief engineer of the defenses of 
Washington that are based his most enduring claims to remem- 
‘branee in that crisis of our National history. From a military 
point of view, the geographical and topographical location of 
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the capital was unfortunate. It lay within the region where the 
most important struggles must have place, and it occupied a plain 
surrounded by commanding heights throughout the greater part 
of whose circumference an attack might be apprehended if the 
covering army should experience a serious check. Its loss, even 
if temporary, must entail disastrous consequences, not only direct- 
ly upon the conduct of the war, but also indirectly upon our for- 
eign relations, then not always of the most friendly character. 
These conditions were perceived, but not fully appreciated, in the 
blind confidence prevailing before the first Manassas campaign ; 
but, after that repulse of the army, the necessity of putting Wash- 
ington in a condition to be defended by a moderate garrison before 
the Army of the Potomac could move from its immediate front 
was seen by all persons of intelligence. Before the first advance, 
a few field works in the nature of tétes-de-pont had been thrown 
up to cover the Aqueduct bridge, the Long bridge, and Alexandria, 
and it is doubtless due to their presence and imperfectly known 
development that no demonstration was made by the Confederates 
in front of Washington at the time when demoralization was at its 
height after the battle of Bull Run. It was fortunate that the 
duty of extending and perfecting these preliminary works of de- 
fense devolved on an engineer so competent to appreciate the 
problem as was General Barnard. The works of Torres Vedras 
furnished the best example, but the conditions were so different 
that a master mind was required for a judicious application of the 
principles involved. Something more than ordinary field works, 
but less exacting in time of construction than usual works of 
permanent defense, was called for; and General Barnard, par 
excellence, was the man for the occasion. His own monograph, 
published in 1871 as No. 20 of the Professional Papers of the 
Corps of Engineers, fully details the semi-permanent system 
adopted, and will long remain a standard authority on this novel 
appheation of the principles of fortification. When completed, 
the lines enclosed Washington by a cordon of works aggregating 
37 miles in length, with sixty-eight enclosed forts and batteries 
having a perimeter of about 13 miles, actually mounting 807 guns 
and 98 mortars, with many other emplacements, together with 20 
miles of rifle trenches, three blockhouses, and 32 miles of military 
roads, in addition to those of the District. The utility of these 
fortifications during the Civil War can hardly be better set forth 
than in the modest language of their designer : 
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““When the Army of the Potomac, in 1862, was beaten in the 
field and to some extent demoralized and disorganized, it fell back 
on the defenses, where it rested in security; a very few days of 
respite, the arrival of reinforcements, and a change in the com- 
mander enabling it take the field again offensively. 

‘When Early marched on Washington, in 1864, the defenses 
had been stripped of the disciplined and instructed artillery regi- 
ments (numbering about 18,000 men) which had constituted their 
garrison, and their places supplied by newly raised 100-days’ 
regiments (Ohio National Guards), insufficient in numbers and 
quite uninstructed. Under such cireumstanees much anxiety 
was felt on the approach of Early’s veterans, flushed with recent 
success, Inspired by the very audacity of their enterprise, and in- 
eited by the prize before their eyes. Yet, inadequately manned 
as they were, the fortifications compelled at least a concentration 
and an arraying of force on the part of the assailants, and thus 
gave time for the arrival of succor.’’ 

Soon after the close of the war General Barnard was made 
president of the Permanent Board of Engineers for Fortifications 
and River and Harbor Improvements, a position which he held 
until his retirement from active service, in January, 188]. The 
epoch was one of radical transition in coast defense and of vast 
extension in our works of internal improvement. Our system of 
masonry coast defenses, to the elaboration of which our former 
colleague, General Totten, had devoted his life, and which General 
Barnard has so admirably set forth in his biographical memoir, 
read before the Academy on January 6, 1866, had been rendered 
antiquated by the enormous increase in the size and efficiency of 
heavy guns and by the success in the efforts to mount them on 
ships protected by armor against shell fire. Our coasts, which had 
been furnished with fortifications superior to any existing in Hurope 
and in a good state of progress toward completion, were found to 
be open to attack by a modern fleet of armored battleships. A 
new type of shipping had appeared just before and during the 
Civil War, and a new system of coast defense would ultimately be 
demanded. Pending the necessary studies to determine its char- 
acter, the existing works must be modified and strengthened to 
meet immediate needs. The new problem of ordnance and armor 
was then occupying the attention of the ablest engineers abroad, 
and General Barnard brought to the study a mind ripened by 
practical experience in war, a thorough understanding of the 
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fundamental principles involved, and a technical knowledge of the 
new developments. Experiments on a large scale were at once 
inaugurated at Fort Monroe and Fort Delaware by the Engineer 
Department, and General Barnard, with able coadjutors, was sent ° 
to Europe to study the new problems in the light of the most recent 
investigations there. We have now no occasion to regret either false 
conclusions or unwise recommendations by the board of which he 
was so long the president and leading member. During these years 
he also served as a member of various special boards charged with 
investigations looking to the improvement of navigation in certain 
western rivers and at the mouth of the Mississippi, and for a long 
time was a member of the Light-house Board. 

The degree of A. M. was conferred upon General Barnard by 
the University of Alabama in 1838, and that of LL. D. by Yale 
College in 1864. He was a member of the American Institute of — 
Architects, and an honorary member of the American Society of — 
Civil Engineers. 

Throughout hfe General Barnard was an untiring student, and 
he wrote with facility and to the point. Even at the Military 
Academy he had shown uncommon mathematical ability, and he 
subsequently carried original investigations in this direction much 
beyond the hmits usually attained by men of so busy a professional 
career. His papers on the gyroscope and kindred problems, pub- 
lished in Sallaman’s Journal before the Civil War, are examples in 
point. His writings on technical engineering subjects, both civil 
and military, were voluminous, and many of them will long remain 
authorities on the subjects of which they treat. Among them may 
be mentioned: Notes on Seacoast Defence (1861); Reports of En- 
gineer and Artillery Operations of the Army of the Potomac, pre- 
pared with General Barry (1863); Report on the Defences of 
Washington (1871); Report on the Fabrication of Iron for De- 
fensive Purposes, prepared with Generals Wright and Michie 
(1871) ; North Sea Canal of Holland and Improvement of Naviga- 
tion from Rotterdam to the Sea (1872) ; Problems of Rotary Motion 
Presented by the Gyroscope, the Precession of Equinoxes, and the 
Pendulum (1872). It is, however, in Johnson’s Universal Cyclo- 
pedia, published in 1874-1877, that the versatility and precision of 
his mental culture are best shown. He found time to act as one 
of the associate editors in its preparation, and over ninety scientific 
and other articles, some of them almost treatises, are from his pen. 
Among them may be named: Aeronautics; Breakwater; Bridge; 
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_ Bull Run, Battle of; Calculus; Gyroscope; Harbor; lmaginaries; 
- Laplace’s Coefficients; Light-house Construction; Rotation; Te- 
huantepec; Variations, Calculus of; and Tides, Theories of. Few 
engineers have been more profoundly versed in their profession 
or more able to give reasons for their convictions. 

In early life, when stationed in New Orleans, he married Miss 
Jane Elizabeth Brand, daughter of William Brand and sister of 
the Rey. William F’. Brand, of Maryland, one of the noted clergy- 

men of that State. Four children were born to them, of whom one 
- son survives. In 1860 he married Anna E., daughter of Maj. 

Henry Hall, of Harford County, Maryland, whose ancestor emi- 

grated with Lord Baltimore; and their three children are all living. 

In his personal characteristics General Barnard was a thought- 
ful, self-contained, and earnest soldier. Under fire he seemed to 
~ have no sense of exposure, and in his frequent reconnaissances he 
was wont to push aside advanced pickets attempting to advise him 
as to the position of the enemy’s sharpshooters, apparently trust- 
ing more to his own intuitions than to their local knowledge. His 
inherited deafness rendered social intercourse somewhat difficult, 
and to those who did not know him intimately this circumstance 
perhaps conveyed the idea of coldness and formality; but such 
was far from being his nature. As his aide-de-camp during the 
Peninsular campaign, I often saw evidences of the warm interest 
he took in the success of the many young officers serving under his 
orders and of his cordial appreciation of good work done by them. 
His brother, our late colleague, being at the South at the outbreak 
of hostilities, had experienced no little difficulty in crossing the 
line or communicating with his family, and when he suddenly 
appeared unannounced in the General’s tent one evening, the fra- 
ternal embrace which followed proved that they both concealed 
warm hearts under a dignified exterior. He had a keen sense of 
humor and a passionate love of music. Indeed, he composed many 
pleces—among others, a Te Dewm that still survives. 

General Barnard was nominated by the President, on the death 
of General Totten, to succeed him as Brigadier-General and Chief 
of Engineers, April 22, 1864; but the nomination was withdrawn, 
at the request of General Barnard, before any action was taken by 
the Senate. He never, to my knowledge, made public his reasons 

for this request; but the facts suggest the fair inference not only 
that President Lincoln highly appreciated the merit of General 
Barnard’s services, but also that the latter’s sense of justice to a 
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superior in rank in the Corps of Engineers forbade him to take 
advantage of this appreciation. Such self-sacrifice is not common, 
either in or outside of the Army. 

The estimation in which General Barnard was held in the Corps | 
of Engineers is well expressed in the concluding paragraphs of 
the order of General Wright announcing his death: 

‘‘A service of nearly fifty years in the Corps of Engineers has 
been closed by the death of one of the most prominent of its 
members. 

‘Of greatly varied intellectual capacity, of a very high order 
of scientific attainments, considerate and cautious, ripe in expe- 
rience, sound in judgment, General Barnard has executed the 
important duties with which he has been charged during his long 
and useful life with conscientious care and regard for the public 
interests and with an enthusiastic devotion to his profession. His 
Corps, the Army, and the Country are his debtors. 

‘*Modest and retiring in disposition, considerate and courteous, 
warm in his sympathies and affections, our deceased associate will 
be missed as few are missed, and his name, which will be held as 
one of the foremost names of the Corps of Engineers, will be cherish- 
ed with pecuhar love and affection by his brother officers. ’’ 
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WAVE ACTION. 


(a) Laws Relating to Wave Action—Waves are of two main 
classes: tidal and wind waves. It is not the intention of the author 
to describe the laws which govern wave-action, as the subject is too 
large a one to be dealt with in this article. The nature and action 
of waves have been from time to time the subject of much investiga- 
tion and experiment, the most important experiments carried out 
being undoubtedly those of the late Astronomer Royal, Sir G. B. 
Airy; and those of Messrs. Weber, Robertson, and Scott Russell. 
The results of the Weber Brothers’ researches were published at 
Leipzie in 1825, and at the meeting of the British Association at 
York in 1844 Mr. Scott Russell reported on his researches, the title 
of his paper being ‘‘On Varieties, Phenomena, and Laws of Waves, 
and the Conditions which Effect their Genesis and Propagation.’’ 
Sir G. B. Airy’s experiments are set out in his treatise on ‘‘ Tides 
and Waves.”’ 

The velocity and height of waves, and the laws generally which 
govern wave-action, may be passed over. There are two matters, 
however, which must be considered in designing sea- walls or break- 
waters, ¢€. g.: 

1. The force of impact of a wave. 

2. Height to which a breaking wave will rise. 

(b) Impact of Waves—Some of the forces of Nature ean be 
measured, such, for example, as the velocity of the wind, the 
pressure of water due to a given head, and the rate of erosion on 
a coast line; but Smeaton was correct when, in referring to certain 
other powers of Nature, he said: ‘‘ They are subject to no caleula- 
tion.”’ Thus it is that the marine engineer’s task is often a difficult 
one. The force with which a wave strikes a plane surface, while 
it may be gauged approximately, can not be accurately measured ; 
~for while a marine dynamometer will record a certain blow, this 
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really does not represent the force of impact of the wave against, 
say, the upright face of the sea-wall to which the instrument is 
fixed, for the wall is non-elastic, while the dynamometer is usually 
fitted with springs or plungers, and is therefore an elastic body. 

The force of impact of a wave will depend upon five things: 

1. The nature of the wave (whether a tidal or a wind wave). 

2. Its length and height. 

3. Its velocity. 

4. The nature of the body against which the wave strikes— 
whether elastic or rigid. 

5. The shape and position of such a body—whether it has a 
vertical or sloping face. — 

The greatest recorded force of impact of a wave was obtained 
at Dunbar, in the county of Hast Lothian, when a force of 314 tons 
per square foot on the surface was registered. A force of 3 tons 
per square foot has been registered frequently. There can be no 
doubt that higher results than these may be obtained. The dis- 
placement of heavy bodies, and the height to which a wave rises 
after striking a vertical face, would indicate that the record given 
by the dynamometer is less than the actual force exerted. Let 
these two points be considered for a moment. 

The Displacement of Heavy Bodies by a Wave.—tThis is well 
illustrated during every severe storm by the washing away of a 
portion of a sea-wall and promenade on some part of our coast, or 
by other damage done. During the construction by the author 
of the Parade Extension Works at Bridlington, for example, a 
number of blocks of stone, each weighing from 3 to 4 tons, were 
washed out of position and carried several yards away. This 
occurred during a severe north-westerly gale, and a view of the 
structure so damaged is given in Fig. 1 (p. 98). 

‘At Cherbourg breakwater upwards of 200 blocks of concrete, 
each weighing 4 tons, were lifted by the waves during a north- 
easterly gale and taken over the top of the mound and deposited 
inside. Blocks of 12 tons were moved from their place and turned 
upside down.’”* 

During a storm at Wick huge blocks of conerete, weighing 1,350 
and 2,500 tons, respectively, were displaced. This seems scarcely 
credible, and doubt has been raised as to whether this movement 
was due entirely to wave action; it would seem to be within the 
bounds of possibility, however, when we consider that in 1894, 
during a storm, a large portion of the breakwater at the Bilbao 
Harbor, estimated to weigh 1,700 tons, was overturned, due en- 
tirely to wave action. The old Beaconsfield sea-wall at Bridling- 
ton was entirely demolished by a storm, or series of storms, which 
occurred about eighteen years ago, and huge pieces of the wall of 
concrete and brick, weighing 20 tons or more, are now to be seen 
upon the foreshore. During the storm which occurred in No- 
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vember, 1911, much damage was done by the sea at Heysham, 
large pieces of the sea-wall being washed away. 

Other examples might be given, but these will doubtless suffice 
to show that the force indicated by dynamometers is really less 
than the force actually exerted. It should also be noted that when 
a wave strikes a body, its action is continuous as long as the wave 
lasts, and not momentary, as when a solid strikes a solid. It 1s 
this continuity of impact that causes the damage.* Mr. Thomas 








Spurr, Bridlington, Photographer 


Fig. 1 (top). New Victoria Sea Defences, Bridlington. 
Fig. 2 (bottom). Wave Breaking Against Sea Wall at Bridlington. 


Stevenson puts it in a simple way when he likens it to “‘a con- 
tinuous succession of cannon balls falling on the body.”’ 

“The Ymuiden breakwaters (Holland)+ are vertical, or nearly 
vertical, structures, with mounds of concrete blocks, termed ‘wave 


-- *¢The Design and Construction of Harbours,’’ by Thomas Stevenson, 
F. B.S. E. 

#‘‘Principles and Practice of Harbour Construction,’’ by William Shield, 
F. R.S..E. 
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breakers,’ on the seaward side. These mounds are composed of 
blocks weighing from 5 to 10 tons each, thrown pell-mell into the 
sea. The mound has a slope of about 114 horizontal to 1 vertical, 
and is surmounted by a row of 20-ton blocks. During a gale one 
of these 20-ton blocks was lifted by a wave to a height of 12 feet 
(vertically up the face of the pier) and landed upon the top of 
the pier, which was 4 feet 10 inches above high water.’’ 

The most destructive seas usually occur during an off-shore gale, 
a heavy ground swell is then propagated; this is illustrated in the 
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Fig. 3 (top). Breaking Wave at Bridlington. 
Fig. 4 (bottom). Back-wash Meeting Incoming Wave. 


diagram, Fig. 5 (p. 95), and in the view, Fig. 3 (p. 94), the latter 
showing such a wave on the point of breaking. In this case the 
wind has dropped somewhat, but the ground swell remains. Fig. 2 
(p. 93) illustrates the effect after such a wave has broken, and 
represents a rough sea at Bridlington, while Fig. 4 (p. 94) shows 
the back-wash of such a wave meeting the incoming wave. While 
waves usually assume their greatest force during an off-shore gale, 
it nevertheless is a fact that in such a gale beaches invariably heap 
up, while during an on-shore gale the foreshore is depleted. The 
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author’s experience, however, has taught him that serious damage 
to a sea-wall, or other form of sea-defence running parallel to the 
coast-line, seldom occurs during an on-shore gale; there is too 
much broken water during such a gale for much damage to be 
done. The type of wave propagated at such a time is shown in 
the diagram (fig. 6, p. 95) and in the views (Figs. 7 and 8, p. 96). 

The Height to Which a Wave Rises After Impact.—This is a 
very interesting matter. The following reply was recently given 
by the author to a query on the subject raised by one of the members 
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of the Society of Engineers (see Transactions of the Society for 
November, 1911) : 


“Mr. HE. R. Matthews, A. M. Inst. C. E., F. G. 8S. (Member), bor- 
ough engineer of Bridlington, writes as follows with reference to 
the inquiry which appeared in our last issue: 

‘“ “Tt is quite a common thing for wave action to take effect to a 
height of 30 or 40 feet above mean sea-level. In the case of a 
vertical cliff it would very seldom take effect at such a height, but 
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where the face of the cliff slopes, through landslips or other causes, 
action does frequently take place to the height named. I have 
observed that on the Holderness coast of Yorkshire, on cliffs 30 
to 35 feet in height, seaweed has been washed on to the top of the 
cliff. In this case, high water of ordinary spring tides would be 
about 7 feet above the base of the cliff. In the case of a sea-wall 
the wave action is more pronounced, and where there is no pro- 
_ jecting cornice to throw back the wave I have frequently observed 
that waves striking a sea-wall, which is, say, 35 feet in height, are 
carried almost as high again as the height of the wall (see fig. 9) 
before they fall on to the promenade at the back of such wall. 


96 RIVER AND HARBOR NOTES FROM FOREIGN LANDS 


‘<The best example that I know of where this action frequently 
takes place is the Marine Drive Sea- Wall at Scarborough. The 
height of this wall is about 35 feet above the level of the foreshore, 
and high water of ordinary spring tides reaches, I should say, 
about 15 feet up the wall. Waves striking this wall frequently 
rise to a height of about 30 feet above the promenade level. The 
new sea-wall recently erected by me at Bridlington, in connection 
with the extension of the Royal Prince’s Parade, is 28 feet in 
height above the level of the foreshore, and has a stepped face 





Spurr, Bridlington, Photographer 


Figs. 7 and 8. Type of Wave from On-Shore Gale. 


(stone), the depth of water at ordinary spring tides being about 
10 feet, and I have frequently observed that, in spite of the pro- 
jecting cornice, a wave will occasionally rise to a height of 20 feet 
above the top of the wall.’’’ In Shield’s ‘‘Harbour Construe- 
tion,’’ page 81, we read: ‘‘It is no uncommon occurrence for storm 
waves, striking a vertical breakwater face, to throw heavy masses 
_ of water to a height of at least 100 feet, often very much higher. 

Sueh water in its descent, on reaching the roadway of the break- 
water upon which it falls, will have attained a velocity of about 80 
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Wave at Scarborough. 


Wave at Hastings. 


Wave at Bridlington. 
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feet per second, or nearly double the velocity and four times the 
force of the water striking the face of the breakwater.’’* 

Thomas Stevenson, in ‘‘The Design and Construction of Har- 
bours,’’ also gives some interesting information on this subject. 
The force with which a wave strikes a sea-wall, and the height to 
which such wave rises after impact, are well illustrated in fig. 10, 
page 97, which represents a wave striking the Baths sea-wall at 
Hastings during a storm cn October 22, 1911, and in fig. 11, page 
97, which is a view of a huge wave rising after impact with the 
sea-wall on the north shore at Scarborough. 


*“«Principles and Practice of Harbor Construction,’’ by William Shield, 
F.R.S. E. 


@Oranisation of the Services of Public Works 
in France™ 


Translated by 


Maj. F. A. MAHAN 
Corps of Engineers (Retired). 


Although the term ** public works’’ is found in the text of many 
laws and especially in the law of Pluvidse 28, year VIII (February 
17, 1800), no explicit definition thereof was given anywhere by 
the legislator, and resort to jurisprudence was necessary to de- 
termine the boundaries which divide the works called public from 
the works called private. It may be said, in general terms, that 
public works are those carried on in the interest of the public 
services of which a great State has charge. So it is that not only 
the works performed for the services of the Ponts et Chaussées, 
Mines, Navigation, and Railways are pubhe works, but also that 
the works carried out by the Departments, Communes, Syndical 
Associations, the various Ministries are themselves public works 
so long as their object is the public weal or a somewhat extended 
collective interest. The detailed study of these works would be. 
long, diffuse, and difficult. Furthermore, it has already been 
made in a masterly way, from the juridical point of view, by Mr. 
Albert Christophle, former director of the Crédit Foncier of France, 
and the reader, who, after having read what is here given, desires 
to study this delicate subject thoroughly, is referred to his detailed 
volume. The sole end of the present modest book is to sum up 
rapidly the present organization of our various services of public 
works by recalling, in each one, the most salient facts of its history 
and by giving the principle modes of action of each one. 

The history of our public works, from Charlemagne to the present 
time, is a striking example of rapidly increasing administrative 
centralization. As these works developed and as they increased in 
numbers and importance, they were gathered by Royal authority 

under the direction of an Administration which became more and 
“more numerous, more and more highly educated, and more and 


*Translation of ‘‘Organisation des Services de Travaux Publics en France,”’ 
by M. Campredon. Brought up to 1912 by the translator. 
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more powerful. The creation of the office of Grand Voyer* of 
France in 1599, the formation of the General Direction of the 
Ponts et Chaussées (Bridges and Roads) in 1715, the foundation 
of the School of the Ponts et Chaussées in 1745, the reorganization 
of the Corps of the Ponts et Chaussées in 1790, the creation of 
the Department of Public Works in 1830, and its reorganization in 
1839, are so many steps of this gradual advance which was to end 
in the gigantic Administration of the third *Republie, now made 
up of 10,000 functionaries. It is necessary, however, to point out 
that the tendency toward decentralization which appeared at the 
time of the law of May 10, 1836, has become more and more marked 
since that time (laws of 1866, 1871, 1884) up to the project for 
unifying the road services now (1895) submitted to the Parliament. 
This decentralization, which has thrown on the departments and 
communes a part of the work which until then was cared for by 
the State, and which tends now to give them a still greater share in 
the maintenance of the great lines of communication, marks a retro- 
gression on the general movement which had presided over the 
organization of our public works, and had made the year 1839 a sort 
of maximum in this curve of the land roads which, after having 
been so long on the increase, 1s now more and more on the decline. 

The Ministry (or Department) of Puble Works, in which are 
now centralized all the great services of general interest, includes 
at present, outside of the Office of the Minister and the Directions 
of the Personnel and of Accounts, two main divisions : 

1. That of Roads, Navigation and Mines; 

2. That of Railways. 
The service of Civil Buildings and National Palaces, which had 
been for several years a part of the Department of Public Works, 
was transferred in 1895 to the service of the Fine Arts, belonging 
to the Department of Pubhe Instruction. This classification will 
be followed substantially as this book goes on. The importance of 
the first service, however, makes it necessary to divide it into two 
studies: That of the Ponts et Chaussées and that of the Service of 


*Voyer is an officer who has charge of the construction and police of roads 
and streets. 

The Duke of Sully (1559-1641) was the first minister, after the foundation 
of the monarchy, to realize the great importance of the roads for the internal 
commerce of the kingdom; he created the office of Grand Voyer or, as we 
might say, General Supervisor of Roads, and became himself the first in- 
cumbent. 
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Mines, services which are wholly distinct from the double point of 
the way in which the personnel is obtained and of the nature of 
their works. In like manner, the relative unimportance of the 
Direction of Civil Buildings caused its being placed in the series of 
Auxiliary Services in the last part of this volume. Finally, a 
great deal of room has been given to the Services of Collective 
Interest, which are tending toward a constantly growing import- 
ance in our modern organization, in accordance with the rising de- 
velopment and strengthening of the personality of the Depart- 
ments, Communes, Syndical Associations, Public Establishments, 
Chambers of Commerce, Companies and Societies having a moral 
personality. Hence this study can be summed up in the following 
programme : 
First Section.—Services of general interest— 
First part.—Service of the Ponts et Chaussées ; 
Second part.—Service of Mines; 
Third part.—Service of Railways. 
Second Section.—Services of collective interest— 
Fourth part.—l. Departmental service ; 
2. Communal service; 
3. Service of syndical associations ; 
4. Service of other works of publie utility. 
Third Section.—Auxiliary services— 
Fifth part.—1l. Colonial service ; 
2. Service of the Ministry of Public Instruction, 
Fine Arts, and Worship ; 
. Service of the Ministry of Agriculture ; 
. Services of the Ministries of War and of the 
Navy ; 
5. Service of the Ministry of the Interior; 
. Service of the Ministry of Commerce, Indus- 
try, and Posts and Telegraphs ;* 
7. Service of the Ministry of Finance. 
The study of each of these services will be subdivided into three 
principal parts: 
1. Historical study ; 
2. Present organization of the personnel ; 
3. Mode of procedure and maintenance of the offices. 
Every endeavor will be made to have this study as interesting 
and as nearly up-to-date as possible by dwelling on the Special 
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*The postal, telegraph, and telephone services were transferred from the 
Ministry of Commerce and Industry to that of Public Works. 
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services, such as the Colonial Service and the Service of the City of 
Paris, which are becoming more and more important, and by point- 
ing out reforms which, in many of the services, are under con- 
sideration. We shall be happy if we succeed in making this study 
sufficiently exact to reproduce the general physiognomy of the 
present organization of the services of Public Works and _ suffi- 
ciently interesting to be read without fatigue by all those who 
may be desirous to examine the subject. 

The author does not wish to close these few introductory lines 
without sincerely thanking all those who have been interested in 
this study and who have helped him with their knowledge and their 
advice. Members of the editing and patronage committees of the 
series of works of which this is a part, chiefs of bureau in the 
various ministries, all have a right to his profound gratitude, for 
they have spared neither their time nor their kindness, and he is 
glad to be able to make publicly this acknowledgment of the share 
of his modest efforts which is their due. 


FIRST PART, 


SERVICE OF THE PONTS ET CHAUSSEES. 
HISTORICAL STUDY. 


The great military roads which the Romans had spread all over 
Gaul fell into ruins at the time of the invasion of the Barbarians, 
and the earlier of the Frankish kings, occupied solely in making 
war, do not seem to have been sufficiently civilized to understand 
the importance of lines of communication. The only conjecture 
remaining of this distant time is the tradition expressed by the 
term of ‘‘Brunehault roadways’’ (chaussées de Brunehault), which 
appears to have been given to old Roman paved roads, still intact 
vestiges of a civilization which has disappeared. The time of 
Charlemagne must be reached in order to find in the Capitularies 
the trace of thought and arrangements relating to lines of com- 
munication. But the feebleness of power, under Charlemagne’s 
successors, scarcely allows any belief in the efficacy of these pre- 
seriptions, and feudal anarchy has left no written testimony as to 
the condition and maintenance of public highways during the 
Tenth, Eleventh, and Twelfth centuries. But, in the reign of 
Philip Augustus, at the end of the Twelfth Century, the move- 
ments of peoples started by the crusades, the development of ideas, 
the freedom of the commons, and the strengthening of royalty 
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gave a certain rise to commerce, to industry, to the relations be- 
tween the various provinces, and the reestablishment of lines of 
communication was begun, especially the reconstruction of bridges, 
roads, and ‘‘passages.’’* The constructions were undertaken, for 
the most part, by religious orders, of which the most celebrated 
was the Order of the Pontif Brothers, made illustrious by St. 
Benezet, the builder of the bridge at Avignon (1177-1185). Dur- 
ing this period of transition, when civilization and science, emerg- 
ing from the shadows of the middle ages, seem to have been pre- 
served in the latent state by the ecclesiastical world and in the 
shade of the cloisters the monks were the principal engineers. 
Thus, for example, the Notre Dame bridge at Paris was built in 
1500 by a Franciscan monk, Brother Jacondus; the boat bridge at 
Rouen, by an Augustin, Brother Nicolas; the bridge at Maéstricht 
and the Tuileries bridge, by a Dominican, Brother Romain. The 
funds consisted mainly of tolls for crossing bridges or for use of 
the roads and for bait, and secondarily of pious gifts, small sums 
collected on transacticns of various sorts, slight subsidies from the 
royal treasury and contributions from the salt tax and other funds 
collected for the State. Unfortunately, most of these funds, and 
especially the highway tolls, were often turned aside from the 
purposes for which they were collected by lords of the land who 
were rebellious to royal authority, and the royal edicts which have 
come down to the present time are filled with prescriptions relating 
to the collection of highway tolls and their proper use. Thus the 
edict issued in September, 1535, at Fontaine Francaise, by Francis 
I, said: *‘Monies paid for tolls have been taken and collected by 
vassals who hold them by grant from us and from our predecessors 
or by long-standing or immemorial possession, as revenue belong- 
ing to them and as forming part of their fief and seigniory, without 
making any repairs; now wishing that the monies which we and 
our predecessors have allowed to be gathered and raised be used as 
they should be and not otherwise, we being moved to this for these 
causes and other good and just occasions, . . . say, declare 
and order, will and it so pleases us, of our own motion, sure knowl- 
edge, full power and royal authority, that all and every of the 
monies of the tolls aforesaid . . . be employed respectively 
for the repairs of bridges, roads, ferries and paths of places and 
_defiles at which the said tolls are taken, so that people can pass 
there, go and come in safety, without danger, inconvenience and 


* A ‘‘nassage’’ is an unclassified roadway opened by private individuals 
who are bound to keep it up. 
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injury to persons, mounts, provisions, merchandise, and other 
goods.’’ It was these same abuses which the famous ordinance of 
Charles IX (January, 1560) prepared by the Chancellor of the 
Hospital, sought to reach. Article 105 of this ordinance con- 
tained the following: *‘Those to whom the right of tolls belongs 
will be required to keep, in good and due repair, the bridges, roads 
and ferries; otherwise, failing to do this, we enjoin our legal au- 
thorities to sieze and place in our hands the revenues from the 
said rights and to cause these to be used for the necessary repairs. 
And where this may not suffice, to take again the monies from 
those who have received the tolls up to what does meet the cost of 
the said repairs.’’ But the number, repetition and succession of 
these edicts are flagrant proofs of their inefficacy. Funds con- 
tinued to be misused, the works to fall into ruin, the roads to be 
neglected, and we must come down to the time of Colbert to see an 
end put to this waste and abuse. 

However, from the beginning of the Sixteenth Century, with 
Henry IV and Sully, the firmer royal authority began to take up 
the organization of a service of public works, and in 1599 was ere- 
ated the office of Grand Voyer of France, whose principal duties 
were to keep himself informed as to all the tolls levied for publie 
works, by virtue of royal commission, and to visit all works done 
or to be done. He caused himself to be assisted in his visits and 
duties by assistants whom he appointed in each district and by the 
intendants and treasurers of these districts. But this small per- 
sonnel, who had also other important financial or administrative 
functions to which to attend, did not render him good service, and 
most of the works still escaped the control of the Grand Voyer. All 
the same, great progress was made during this reign, especially 
the introduction of: bids as the general rule for carrying on pubhe 
works, with the greater part of the guarantees called for by our 
present specifications and the constantly increasing contributions 
of the royal exchequer to the cost of public works. In 1609, this 
contribution reached the amount of 870,000 livres (very nearly 
$174,000) which was devoted almost exclusively to the improvement 
of navigable highways. Among the great works performed at 
this time must be mentioned, in the first place, the beginning of 
the Briare Canal, on which Sully and 6,000 soldiers were em- 
ployed, and in the second place, the drainage of the marshes of the 
whole kingdom grand to the Dutchman Bradley. Must be men- 
tioned among the works of the second class all those carried on for 
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the purpose of making a large number of the rivers of the kingdom 
navigable, especially the Loire, the Seine, the Aisne, the Vesle, 
the Vienne, and the Clain. But the troubles which followed on 
the assassination of Henry IV and the weakening of the royal 
power which was its result, interrupted the growing administrative 
organization of public works. The edict of 1621, which left with 
the treasurers of France the disposition to be made of tolls on 
bridges and roads, and the edict of 1626, which suppressed the 
office of Grand Voyer, caused the public works to fall back into the 
hands of the districts, and their care again became provincial and 
independent. The treasurers who had charge of these works ne- 
elected them more and more, and the great highways, bridges, 
roads and ferries fell into a condition of complete decay. The 
river lines were less neglected, however, but perpetual concessions 
to private parties or to private industries took the place of works 
carried on directly by royal authority and under its control. 
Letters patent gave, in 1638, a grant to Messrs. William Bouteroue 
and James Guyon for the Loing Canal; in 1643, the navigation of 
the Ardéche to the Marchioness of Montlor; in 1644, the canal 
from the Rhone to the port of Agde, to Mr. James Brun; in 1655, 
the canalization of the rivers of Champagne to Messrs. Hector 
Bouteroue and Peter Barillot. This system of perpetual conces- 
sions to insure the onerous carrying on of public works by private 
parties was a matter of common occurrence; furthermore, the old 
form of government found in it a convenient way for not taxing 
the royal exchequer and for throwing off on others the responsibility 
involved in large works of art. 

The royal authority, which had become firmly seated and all 
powerful under Louis XIV and Colbert, thought seriously of re- 
pairing the lines of communication and of reorganizing the Serv- 
ice of Public Works. The great minister, who was the first to 
hold the title of Controller General of the Finances, considered the 
development and improvement of public highways as one of the 
first needs of trade and one of the most fertile sources of public 
prosperity. Consequently, he devoted to it his greatest care and 
created intendants in each district who had, among their duties, 
the administrative and technical part of the roads and bridges, and 
left with the offices of the treasurers of France only the financial 


and legal part. These intendants corresponded directly with him, 


were responsible to him for their services and were assisted by 
“‘trésoriers commussaires,’’ selected from among the treasurers of 
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the district offices, at the rate of one per district. The duties of 
these trésoriers commissatres were, aS laid down by a decision of 
the Council of State, dated February 11, 1681, ‘‘to visit with the 
intendant of the district or by himself, as the said intendant shall 
judge better, the bridges and roads of the said district, prepare a 
report of their condition and have prepared in his presence, by 
intelligent and capable persons, specifications and estimates of cost 
of the work necessary to repair them and to keep them in good 
order; after which, in connection with the said intendant and not 
otherwise, shall be taken up the award after bids of the said works, 
the publicity required in such cases having been previously given; 
and after they shall have been completed, they shall be received in 
the usual way.’’ 

So it is seen that the duties of these trésoriers commissaires were 
somewhat analogous to those of the assistant engineers of the Ponts 
et Chaussées and that those of the intendants were not unlike those 
of the chief engineers. What remains of the correspondence of 
Colbert and the high pay granted to these functionaries show how 
important their duties were considered. Furthermore, by reason 
of this skeleton of functionaries and the indefatigable and intell- 
gent activity of their first minister, the public works of France took 
a new start. Tolls continued to be the main source of income for 
public works, but the abuses to which they had given rise up to 
that time were severely repressed, and the regulations promulgated 
by the royal declaration of January 31, 1663, laid down rigorous 
penalties for all those who should not use the rights of toll for the 
maintenance or repair of the bridges, roads and ferries which had 
been granted to them. The other resources for public works were 
allotments, always too small, from the royal exchequer which form- 
ed, after the reign of Louis XIV the état-du-roy for bridges and 
roads, contributions furnished by the cities, districts, or provinces 
which were interested in the lines of communication to be repaired, 
maintained, or constructed. This share of the cities became con- 
stantly greater as the road system was perfected, and came from 
their octrois* or from temporary octrois laid for that purpose. 

To those various sources of income were added the personal 
service tax laid on the frontier provinces newly acquired by con- 
quest, Artois, Lorraine, Alsace, Franche-Comté, Dauphiny, and used 
mainly for making over the main roads. But Colbert, who under- 


*The octroi is a sort of customs duty levied by cities on provisions, building 
materials, fuel, ete., coming into them. 
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stood all.the abuses which might grow up under the system of the 
personal service tax, never allowed it to become a general measure 
even in those frontier countries where alone it was applied. It was 
extended to the whole kingdom only half a century later, and it be- 
came further on one of the main grievances of the people against 
the old régime. By means of this cooperation of money and arms, 
the great highways were repaired, widened, paved and multiplied; 
large bridges were put in order or built; the navigation of the 
Loire was improved and the land along the river was protected 
against overflow; the floods of the Drae were held in bounds by 
levees; the Oise, the Aube, the Seine, the Marne, the Somme, the 
Guyenne, the Lot, the Tarn, the Dordogne, the Isle, the Vézére were 
canalized and made navigable. Among the great works of this 
period must be mentioned the canal from Calais to Saint Omer 
(1681-1683), the Loing Canal (1679-1692), and, above all, the 
Languedoe Canal, which remains one of the most glorious works 
of the time of Louis XIV, and which, by the genius, perseverence, 
and patriotism of Peter Paul Riquet, was built during the fifteen 
years from 1666 to 1681. Other projects for great canals were 
taken under consideration, especially the canal from the Lower 
Rhone to the sea, from the Sadne to the Loire by way of the 
Charolais* ; from the Sadne to the Yonne by way of Burgundy. 
These projects, however, remained in suspense on the death of the 
great king, and most of them were not to be carried into effect until 
our own times. 

Colbert’s great work and the organization with which he had 
endowed the service of Publhe Works were, unfortunately, not 
destined to be perpetuated after him. In the midst of the wars 
and political difficulties which darkened the last days of the reign 
of Louis XIV, the great roads and bridges were abandoned to their 
fate; the abuses reappeared. The greater part of the resources 
devoted to public works were turned over to the war budget, which 
was more urgent, and there are to be recorded few decisions during 
the times of the Controllers General of the Finances, Chamillart 
and Desmaretz, favorable to the development of public works. 
However, the decision of May 26, 1705, must be noted, as it laid 
down the principle of building roads in a straight line and laid 
the foundation for the right of exercise of eminent domain in 
matters of public utility. An attempt made in 1712 to reorganize 





*The Charolais is a small district near Charolle in the southern part of the 
old Province of Burgundy. 
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the personnel of the Ponts et Chaussées must also be mentioned. 
Colbert had called upon certain men, in each district, persons skill- 
ed in the arts of construction, architects, masons, and carpenters, 
to prepare specifications and plans of works to be carried out under 
the orders of the intendants. Some, by their greater knowledge, 
were not long in being charged exclusively with the technical part 
of the works and received the appointment of architects to the 
king. These engineer architects, few in number for the entire 
kingdom, were finally attached, in 1712, to the service of the 
king, they being paid from the royal exchequer, and their number 
was increased to twenty-two, one for each district. Moreover, a 
decision of November 28, 1713, appointed eleven inspectors general, 
who were to inspect them every year, in accordance with orders 
and instructions from the Controller General of the Finances, and 
to prepare everything which they might deem necessary for the re- 
establishment and maintenance of the highways, bridges, roads, and 
other puble works. But this organization, similar to the one of to- 
day, was in operation for only two years, when the resources of 
the exchequer became such that it could not be continued. The 
engineer’s art does not seem yet to have made any great advance 
at this time, and the engineers who were called on to lay out and 
carry on great works were, first of all, architects, and better 
adapted to build palaces than to construct roads and bridges. The 
most celebrated of them, Hardouin Mansart, who had charge of 
rebuilding the Moulins bridge across the Allier, spent more than a 
million and a half (franes) on this work without obtaining a solid 
construction, as the bridge was carried away, before it was fairly 
finished, by the first flood of the river. It was finally rebuilt, for 
the third time, only in 1752. Still, some great works were built by 
the system of concessions before the end of the reign of Louis XIV. 
There should be mentioned especially the concession of the naviga- 
tion of the Loire, between Roanne and Saint Rambert, to the Sieur 
de la Gardette in 1701; that of the navigation of the Eure, between 
Chartres and Pont de 1’Arche, to Madame de Maintenon in 1704; 
that of the navigation of the Clain to Madame Marchand de la Mul- 
inére in 1708. 

Adjudication* also continued to be adopted for many large 
works which were paid for by special taxes laid on the regions 
which were to profit by these works. Thus were built by adjudica- 





“Adjudication, while differing in application from an American system of 
bids, is founded on the same principle of competition.—F. A. M. 
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tion the canal works in Languedoe and Provence (the Losnes Canal 
in 1711) and the levee works of the upper basin of the Loire (the 
Pinay and La Roche levees in 1711-1717). But the general con- 
dition of the routes and roads of the kingdom was deplorable, as 
is shown by the Memoir for perfecting the police of roads by the 
Abbé de Saint Pierre. It was impossible to travel on them in 
winter, and the rows of trees which bordered them, regularly cut 
by the adjoining farmers, added the invasion of their branches to 
the constant humidity, of which they were the seat, for lack of a 
regular primitive construction. 

The reorganization of the personnel of the Ponts et Chaussées re- 
appeared, under the Regency, with the institution of a General 
Direction of the Ponts et Chaussées, of which the first person to 
hold the place was the Marquis of Beringhen. This office, which 
centralized everything belonging to the Service of Public Works, 
does not appear to have been made independent of the Administra- 
tion of the Finances, which continued to make the appointments 
in the personnel of the engineers and intendants and to counter- 
sign all decrees relating to the Service of Public Works. After 
the Marquis of Beringhen, it fell to Joseph Dubois, brother of the 
Cardinal, one of the secretaries of the cabinet of the king, and 
when, in 1736, the latter asked permission to give up his duties on 
account of his great age, the office was suppressed and its duties 
were transferred to Ormesson, Intendant of the Finances, who 
received as his commission ‘‘the detail of the Ponts et Chaussées, 
the paved streets of Paris, levees (turcies et levées) beaconage of 
the Loire and rivers and tributaries, both for finance and for their 
full and entire administration. ’’ 

Nevertheless, in spite of this subordination of the Director of 
Bridges and Roads to the Intendant of Finances, the first organiza- 
tion of the Corps of the Ponts et Chaussées dates from this time 
(1716). There were substituted for the eleven inspectors general 
and the twenty-two district engineers, one inspector general, one 
architect first engineer, three inspectors and twenty-one engineers. 
This hierarchical formation lasted through the whole of the Eigh- 
teenth Century, nothing being said of the increases called for from 
time to time by the growing needs of the service. Among these 
first engineers must be mentioned Trésaguet, who was to inaugu- 
_ rate the maintenance of the main roads surfaced with stone and 
who was charged especially with rebuilding the Moulins bridge. 
Outside of this framework of the Ponts et Chaussées, other engi- 
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neers were appointed especially for special services, like the two de 
Regemorte, father and son, one of whom had charge of the works 
of the Orleans Canal and of the bridge at Blois, and the other of 
putting in order all the main highways of the province of Alsace. 
Another engineer of this family, which gave not less than four 
vreat engineers to France, had charge of the levee service of the 
Loire. But the salaries of these poor engineers of the king, which 
did not exceed 1,800 livres a year, were often neglected and re- 
mained unpaid for long years. Decisions of the Council of State 
raised several times these all too small salaries, but the Chamber of 
Accounts at Paris, which was hostile to all functionaries who did 
not hold a title to offices which were bought or inherited, refused 
to take account of these decisions. It was only after repeated 
complaints, which have been preserved in letters of the time, that the 
salaries of the engineers were raised at last to 2,400 livres and were 
paid regularly as the result of the letters-patent of July, 1733. 
Some, like Trésaguet, were retired with a pension as the result of 
long years of service. This hierarchical organization of the Ponts 
et Chaussées did away, nearly everywhere, with the important part 
which the intendants had held under Colbert, and they only con- 
tinued to exist through respect for formalities and custom. An 
exception was made, however, until 1720 for the district of Paris 
where the three treasurers of France were assigned to the service 
of the Ponts et Chaussées. After 1720, the Government, which 
saw in these prerogatives of the Bureau of Finances of Paris an 
encroachment on its own initiative, appointed four intendants to 
take charge of all works in the district of Paris. Through the 
organization of the Service of the Ponts et Chaussées, the public 
works underwent a sensible improvement during the whole of this 
period, in spite of the inextricable difficulties in which the public 
finances were floundering at this time, which was made celebrated 
by Law’s system and its consequences. Streets were paved and 
highways were smoothed down and widened (deerees of May 3, 
1720, and of June 17, 1721). 

The road police began to appear with the royal declaration of 
November 14, 1724, forbidding more than four horses to be hitched 
to any two-wheeled cart from October 1 to April 1, or more than 
three horses from April 1 to October. Larger sums were devoted 
to public works, these sums being obtained by extraordinary taxes 
laid on the different districts, and closer oversight caused abuses 
and malversations to disappear. 
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Most of the large bridges were built or made over; bridge at 
Charenton (1714-1719); bridge at Blois (1716-1723); bridge at 
Beaugency (1718-1725); bridge at Saumur (1717-1730); bridge 
of la Charité (1724-1731); Saint Maxence bridge (1717-1720) ; 
bridge of la Guillotiére (1718-1724); bridge at Bray sur Seine 
(1715-1730) ; bridge at Compiégne (1725-1730). Many of these 
bridges, made of wood, had to be rebuilt later, but they show al- 
ready a much more perfect knowledge of the art of the engineer 
and a much greater activity in carrying on publie works. Among 
the great works constructed for the improvement of navigation, 
must be mentioned the opening of the Orleans Canal, in 1724, the 
construction of which had been directed by Jean Baptiste de 
Regemorte; that of the Crozat Canal between Chauny and Saint 
Quentin, in 1733; and the resurrection of the project for the Bur- 
gundy Canal, in 1727. 

We come now, in this rapid historical sketch of the public works 
in France, to the sadly memorable date of June 13, 1738, when an 
order, signed by the Controller General of Finances, Orry, estab- 
lished throughout France personal service, or service in kind on 
the main roads. This system of personal service, which was _ to 
last for fifty years and which remains as one of the greatest blunders 
of the old régime and one of the principal causes of its unpopu- 
larity, had been introduced gradually; at first temporarily, when 
Louis XIV travelled through the kingdom, then for special works 
of interest to abutting property owners, finally in a permanent 
and uniform way in the eastern provinces which had recently been 
acquired by conquest. But it only became a general measure when 
the General Direction of the Ponts et Chaussées, having been sup- 
pressed, fell into the hands of the Department of the Finances. 

Controller General Orry, who had been intendant at Metz and 
had noted there the great services which the service in kind had 
rendered to the road system in that country, decided to extend it 
throughout France. But, as a matter of fact, it was applied very 
unequally and was subjected to the good pleasure of the Inten- 
dants of the Finances. For example: whereas only six days of 
personal service were called for in a year in the Soissons district, 
in another district, according to what is related by Richer d’Aube 
in his Memoir on the functions and duties of intendants, there 
was no fear as to keeping at work 51,000 men, with a proportionate 
number of pack and draught animals, during thirty-nine days in 
the year. The anonymous document still in existence and called: 
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Memoir on the execution of work by personal service sought to 
make the service uniform and to lay down its essential regulations. 
An idea can be formed of the state of mind which animated those 
in power at this time from these few sentences taken from the 
midst of the jumble of instructions and recommendations: ** Chil- 
dren of both sexes more than twelve years old may be called upon 
to carry pebbles and sand from the piles to the laborers on the works 
The inhabitants of the villages nearest the roads will be re- 
quired to give shelter to the workmen who are summoned and who 
cannot return home, and to furnish bedding of fresh straw for the 
men and litter for the animals . . . Those who are liable for 
personal service are forbidden to hire substitutes, and subdelegates 
have full authority to imprison or to punish with fine and gar- 
rison* those hable and not presenting themselves for this duty.’’ 
In spite of this memoir and offical instructions from Controller 
General Orry, the most marked differences continued to exist in the 
various districts. In some, the division of labor was made by par- 
ishes in sections of works to be finished within the year. In others, 
it was divided up into pieces to be carried on during several years 
so that all should be finished simultaneously. The size of the for- 
ces, men, draught and pack animals, was made up by the chiefs of 
the parishes, and the engineer subdivided the work into tasks or 
pieces according to the forces. The institution of the ‘‘piqueur’’ 
and that of the ‘‘conducteur’’+ began to appear in the oversight of 
the work of those engaged for personal service. According to. 
Gendrier, engineer of the district of Bourges: ‘‘the conductor 
should be possessed of wisdom, honesty and clear-headedness; he 
should be educated, vigilant, active and endowed with a robust 
temperament, for this employment requires him to be on horseback 
at any and all times; to speak, write and work incessantly on the 
ground.’’ The part of sub-engineer was still more important, as 
he had charge of the direction of all parts of the work and con- 
ductors acted only under his orders. He was constantly on the go, 
for his department extended over a quarter or a third of a district, 
and he had to go over the ground many times while work was under 
way. To all this personnel of overseers was added the ‘‘maré- 





“Nothing can be found in dictionary or encyclopedia as to what this 
punishment was. 

t‘‘Conducteurs’’ of the Ponts et Chaussées follow next after engineers. 
They correspond nearly to our superintendents. ‘‘Piqueurs’’ are very nearly 
what we would call overseers. 
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chaussée’’* the presence of which was often permanent on the 
works. This luxury of inquisitors, reinforced by a not less great 
luxury of severe penalties is a flagrant proof of the unpopularity 
of the system and of the frequent mutinies which broke out, among 
those liable to the service, in spite of all these precautions. There 
must be added, to these abuses and causes of discontent, the exemp- 
tions by which the wealthy classes, the nobility, the clergy, and the 
well-to-do classes of the cities benefited, so that the toi! sf the 
peasants and laborers served to improve the roads which were 
most enjoyed by those who were exempt. The personal service 
system must have increased greatly, however, the Service of the 
Ponts et Chaussées and given to France the great network of 
roads of which she is proud to-day. Daniel Trudaine, son of a 
former Prévot of the Merchants of Paris,t replaced d’Ormesson, 
in 1734, at the head of the Service of the Ponts et Chaussées, and 
this indefatigable and intelligent administrator was to organize 
the Corps of the Ponts et Chaussées very nearly on the same bases 
as those which underlie it now. As the engineers of the districts 
did not easily find persons capable of assisting them as sub-engi- 
neers and conductors on the works which had become so greatly 
developed by the personal service system, Trudaine formed in 
Paris an office of draughtsmen (1744) which he soon transformed 
into a school for young engineers, giving its direction to Perronet, 
at that time Intendant of the district of Alencon. So was founded, 
in 1747, the School of the Ponts et Chaussées, where were kept 
the maps and plans of the roads of the kingdom. The Corps of the 
Ponts et Chaussées has perpetuated by means of a bust the faith- 
fully guarded memory of its eminent founder. At the same time, 
Trudaine laid the first bases of the General Council of the Ponts 
et Chaussées by forming an Assembly of the inspectors and prin- 
cipal engineers who were at Paris. This assembly met every Sun- 
day at his house. At these weekly reunions the projects for the 
great works to be constructed, the reports of the inspectors, the 
projects for competitions by the students at the School of the 
Ponts et Chaussées, and all the administrative measures which might 





*“The ‘“maréchaussée’’ of the time in question were much the same as the 
‘“ vendarmerie’’ of the present time in France or the Constabulary in England. 

+The Prévét of the Merchants was a magistrate to whom were referred all 
“questions relating to the commercial life of the city; he had charge also of the 
fortifications. The position was one of great power and influence and not 
infrequently dared to hold its own even as agaiust the king. 


114 ORGANIZATION OF SERVICES OF PUBLIC WORKS IN FRANCE 


assist in improving the Corps of the Ponts et Chaussées and the 
organization of public works were examined and discussed. A 
decision of the Council of July 7, 1750, reorganized the Corps by 
raising the number of engineers to twenty-five (one for each dis- 
trict and four at the disposal of the Government for extraordi- 
nary or special works), and the number of inspectors to four, 
these latter having to inspect the entire kingdom, which was di- 
vided into four departments. <A first engineer and the Director 
of the School of the Ponts et Chaussées were placed at the head of 
the service. After the engineers came, as they were needed, sub- 
inspectors and sub-engineers, and controllers of works, selected 
from among the students of the School of the Ponts et Chaussées, 
finally conductors and piqueurs selected from outside of the Corps. 
The School, under the skilful direction of Perronet, was not long 
in forming a fine body of young men, thoroughly posted in all 
the sciences then known as applicable to the art of the engineer. 
The broad, strong organization of the School, the necessity of show- 
ing themselves to be worthy of the positions which they reached 
successively, the good feeling and emulation among the pupils, the 
maintenance of the principles of honesty and love of duty gave a 
high value to the title of engineer, which was won so slowly and 
with such toil, but which brought with it in. high degree the 
consideration of the public. From this nursery came such names 
as de Cessart, Lambardie, Fresnel, de Prony, Girard, Collignon, 
Lalanne, Coriolis, Brémontier, Vicat, Croisette-Desnoyers, Krantz, 
Jacqmin, de Montricher, Alphand, and so many others which will 
remain immortal in the history of public works. 

At the same time that the Service of the Ponts et Chaussées was 
reformed and improved, the system of the accounts for public 
works was also improved and reformed. The royal declaration 
of December 20, 1762, confirming the principles set forth by the 
Cour des Comptes,* required that no awards should be made, ex- 
cept on detailed specifications prepared by the engineers and that 
there should be included in these specifications no matter foreign 
to the works and no salaries for engineers whose names were taken 
up on special lists prepared by the Controller General of Finances. 
Condemnations of contractors were seen also to appear at this 





“Cour des Comptes. A high administrative tribunal which has charge of 
checking, verifying, and judging the operations of all who handle public 
funds; of pointing out to the executive and preparing a statement for the 
legislative powers, all breaches of laws and regulations. 
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time, the condemnations being confirmed by the Gouncil of State. 
For example, the contractors for the road from Metz to Strasbourg 
were condemned to a restitution of 32,241 livres by the decision 
of Mareh 17, 1744. The reorganization of the Corps of the Ponts 
et Chaussées, the adoption of personal service, the energetic im- 
pulse from above and the emulation of functionaries caused this 
period of the old régime to be that of the greatest development of 
bridges and roads throughout the kingdom. The hard toil and 
suffering of our fathers have bequeathed to us 6,000 leagues* of 
broad, straight roads, well built and planted with trees, which 
since then we have merely had to keep up. The general principles 
of the calwer des chargest as it exists to-day were settled at this 
time, aS is borne witness by the decree of September 7, 1755, in 
which are summed up every step adopted up to that time. In it 
are found all the prescriptions relating to condemnation of prop- 
erty, to temporary occupation, to the privileges of public works 
and to the police of the roads. It was also during this period of 
thirty-six years (1733-1769) that the construction of the great 
bridges became greatly extended, at the same time that their 
strength was made more perfect, as the greater part of them have 
lasted to the present time. The engineer’s art made notable strides 
forward by reason of the lessons and studies obtained at the School 
of the Ponts et Chaussées. There may be mentioned, among others, 
the bridges at Sans, Pont-sur Yonne, Vouvray, Charmes, Port de 
Piles, Orléans, Moulins, Saumur, Tours, Cravant, Montereau, 
Mantes, Trilport, Chateau-Thierry, Saint Edme, Neuilly, built by 
the greatest names of the period. They were more the works of a 
school than those of a single man, by reason of the part played by 
the Assembly of the Ponts et Chaussées which discussed the plans, 
specifications, and determined the principal lines. The names of 
Boffrand, Regemorte, Bayeux, Perronet, Hupeau, de Voglie, de 
Cessart, Pitrou, remain attached to the history of these important 





*One league equals 4 kilometers (2.484 miles). 

+Cahier des charges. The cahier des charges is used particularly by the 
administration in the case of the award of public works or supplies, grants of 
railways, sale of any part of the public domain. It shows, for example, in 
the awards for public works, the guarantees required from the successful 
bidder, the mode of carrying on the works, the time of completion, ete. It 
~ resembles very much our ‘‘instructions to bidders.’’ It is placed on view in 
some public place, where it may be seen and examined by all. The cahier 
des charges differs from one administration to another; the service of the 
Ponts et Chaussées has one of its own. 
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works. The annual budget of the Ponts et Chaussées rose also 
during these thirty-six years to between three and four million 
franes. This is far from the weakly resources of the beginning, 
and yet it must be admitted that the work accomplished was below 
the task demanded from so many arms, so much suffering imposed 
upon a whole nation by a monstrous despotism. The valuation of 
this work in days of labor would even have frightened the govern- 
ment which commanded it, so much did it exceed the resources of 
the budget of Public Works. But this period must not be left 
without mentioning also the great improvements made in the navi- 
gation of several rivers: the Guyenne, the Tarn, the Vire, the 
Scheldt, the Isle, the Charante, or without recalling the opening of 
the Neuffossé Canal and the projects for the Burgundy, Berry, 
Givors, and Ardennes canals and for the lateral canal to the 
Garonne. Finally, attention must be called to the many works and 
great sacrifices made to close in the Loire, of which the levee service 
was reorganized and placed in charge of a chief engineer, as well 
as to the levees of the Isére and the Drac, the inundations of which 
desolated Dauphiny. It is from this time that date the first pro- 
tective works for naval and commercial ports, most of which were 
added to the Department of the Ponts et Chaussées, especially the 
works at the ports of Bayonne, La Rochelle and Honfleur. 

When Daniel Trudaine died, in January, 1769, and was suc- 
ceeded by his son, Trudaine de Montigny, at the head of the Servy- 
ice of the Ponts et Chaussées, the personal service, which had been 
violently attacked by the Marquises of Mirabeau and of Argenson 
and by several Parliaments, such as the Parliament of Toulouse, 
had no longer any of the odious characteristics which it had had at 
the beginning, and the efforts of the intendants and engineers in 
the several districts tended to mitigate its effects. Two, especially, 
should be particularly pointed out, in this line, to puble attention, 
Orceau de Fontette, intendant of the district of Caen, and Turgot, 
intendant of the one of Limoges, proposed, in 1757, to the Assembly 
of the Ponts et Chaussées to impose works in kind in aecordance 
with the ability of the inhabitants to meet them, but Trudaine ob- 
jected to the proposition. He then sought to improve the system 
of tasks by parishes by means of changes which he has set forth 
in his Regulations for reducing the burden of personal service. 
These changes consisted mainly in a reduction of the tasks in pro- 
portion with the increase of distances and in ealling upon the 
communities to chose between work in kind and a_ pecuniary 
assistance. These reforms not only assimilated the work in kind 
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to a tax, but changed also the bases of the work in kind, as the 
well-to-do taxpayers bore the burden from which the poor ones 
were released and that which bore on those liable to service in kind 
but not to the tax. The result was that many complants arose. 
Orceau de Fontette, for having made the personal service system 
more equitable and for having done away with its most erying 
abuses, was prosecuted before the Cour des Aides* at Rouen. The 
distress existing at this time in France caused work on the roads 
to be reduced and led all the provincial courts to denounce every- 
where personal service and to demand its suppression. The gov- 
ernment was all the time undecided between its desire to have 
cease the complaints of a much-tried population and that of keep- 
ing up the Public Works. The decision of the Parliament of 
July 19, 1760, however, broke the judgment of the provincial courts, 
maintained personal service and decided to send troops into the 
recalcitrant provinces. Orceau de Fontette was able, by firmness 
mingled with prudence, to hold fast to his reforms, which were 
appreciated by the people and extended to the districts of Moulins, 
Rouen, and Alencon. 

Turgot, in the Limoges district, tried to have the personal service 
bought off by a payment of days on the work, but his plan was re- 
jected by Trudaine. Not cast down, he sent to Trudaine, in 1762, 
a new report developing his whole plan and refuting all the ob- 
jections of the prime minister. This second report met with no 
more suecess than the first. But Turgot, now showing the ob- 
stinacy and the tenacity of ideas which characterized his intelli- 
gent administration, went on and applied his system to a part of 
the road from Paris to Bordeaux, by way of Limoges, paying for 
days of personal service by a corresponding reduction of taxes. 
Not being able to have his reform authorized by a decision of the 
Council, he put into operation a series of regulations for carrying 
out his system, but he was able to set forth his plan of reform 
with such solid reasoning that he won the acquiescence of the 
Court des Aides. After having multiplied his demands and sent 
back several times his plan developed at great length and written 
entirely by his own pen, this persevering man who stopped at no 





*The aide was an old form of tax levied on articles of consumption, some- 
what of the nature of the octroi or municipal tax on provisions brought into 
the city, but of somewhat wider application. The Cour des Aides was a 
tribunal which considered all questions arising in the matter of taxes and not 
merely of the aides alone. It judged also many questions of privileges and 
exemptions in connection with taxes of all sorts. 
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work to bring success to ideas which he believed to be just, had 
the happiness of seeing his reforms indorsed by a decision of the 
Council of January 11, 1766, which finally covered his responsibil- 
ity. This decision was renewed annually until the day when per- 
sonal service was definitely suppressed, in 1787, in the district of 
Limoges. During these twenty-five years (1762-1787) of the op- 
eration of Turgot’s system, the works in this district were constant- 
ly developing. The cost of the works was more than 300,000 
franes; 250 miles of new roads were built and maintained in the 
best order. The two methods of Orceau de Fontette and of Turgot 
were not long in occupying all minds. Each one had his partisans 
and detractors. Both methods, however, were accepted by the 
populace with enthusiasm, for each was a great step forward in 
the improvement of that iniquitous tax.on labor which was one of 
the burning questions of this century. 

The Corps of the Ponts et Chaussées was extended, under 
Trudaine de Montigny, in proportion with the development of the 
public works. An engineer was placed at the head of each of the 
three departments which formed the district of Paris: Versailles, 
Fontainbleau, and Compiegne, and fifty commissions* of inspectors 
were created for all the districts. These inspectors took the place 
of the sub-inspectors and corresponded to the ordinaire engineers 
of the present day, while the engineers of the districts corresponded 
to the present chief engineers. The external brilliancy of the 
Corps was further enhanced, in 1772, by the adoption of a uniform 
which enabled the puble to recognize the various grades of the 
members of the Corps of the Ponts et Chaussées. The engineers of 
the Paris district were assimilated, in 1783, to the engineers of the 
other districts and the number of inspectors general was raised 
from four to five. The number of inspectors was increased, in 
1786, from 50 to 60, and the number of sub-engineers, to which no 
limit had ever been assigned, passed from 72, in 1771, to 124 in 
1784. 

When Turgot was appointed Controller General of the Finances 
in 1774, the first thing to which he gave most earnest attention 
was to suspend personal service, which had become more and 
more unpopular and cried down by all political writers and philos- 
ophers, and was attacked especially by Voltaire in his Dictionnaire 
plilosophique. Turgot’s circular of June 6, 1775, stated that this 





*Commission must be understood here as of the same nature as the com- 
mission issued to an officer of the army or navy. 
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suspension was only a step toward suppression. This suppression 
of personal service could only be, after all, a transformation into 
a new tax, for the resources of the Treasury were not sufficient by 
themselves to meet the costs of construction and maintenance of the 
roads and bridges without new funds. But the transformation of 
the personal service into a pecuniary imposition, applied equally 
to all, suppressing the iniquitous exemptions and falling on every 
one according to his wealth, was an immense advance, a real revo- 
lution for the period.* Turgot understood this well, for, after 
endless discussions and consultations with intendants, other min- 
isters and the Presidents of the Parliament of Paris, he could not 
succeed in finding any one to share his ideas. <All the uneasiness 
and hesitations of the great Minister have been preserved in the 
fragments of his correspondence with Trudaine de Montigny. 
Turgot, with his characteristic tenacity, stood by his edict which, 
in spite of the bitter remonstrances of the Parhament of Paris, was 
registered by the king sitting in bed of justice at Versailles on 
May 12, 1776. But the systematic opposition of the Parliament, 
the remonstrances of the intendants and of the other Ministers and 
the hostility of the nobility had already nullified it in advance. It 
was communicated to only four principal Parliaments out of twelve, 
remained a dead letter, and the great Turgot paid by his fall for 
the unheard of audacity of wishing to set up in the kingdom an 
equitable tax, to which every one should contribute in proportion 
to his means and which placed the lords and the commoners on the 
same footing. 

The first care of Turgot’s suecessor, Clugny de Nuis, was to do 
away with all his predecessor’s liberal reforms and, in spite of the 
efforts of Trudaine de Montigny, who would have liked to establish 
a system similar to that of Orceau de Fontette, the royal declara- 
tion of August 11, 1776, placed things back where they were be- 
fore the edict of Turgot. As a matter of fact, the advance of 
public opinion and the attacks on the personal service as it had 
been understood originally, did not allow of any strict application 
of the royal declaration. Personal service was reestablished, but 
it was greatly improved by a special order of the Controller of the 
Finances. This order maintained the old privileges and exemp- 
tions, but it eased matters up for the poor day laborers by placing 


*The road tax (prestation), which still exists and of which more will be said 
further on, was, after all, only a more equitable, more just, more uniformly 
distributed form of the old personal service in kind. 
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a maximum of twelve days work a year and brought about, by its 
various provisions, the suppression of all gratuitous labor. 

Trudaine de Montigny was succeeded first by de Cotte (1777-81), 
then by Chaumont de la Milhére (1781-1789). <A few additional 
reforms were made under their direction in the Service of the 
Ponts et Chaussées. Mention should be made especially of the 
formation of the first Provisional Assembles which weakened the 
authority which the intendants used to have over the engineers 
of the Ponts et Chaussées, and of the purchase back of the tolls 
which were not used for the daily maintenance of special works, as 
prescribed by the decision of the Couneil dated April 15, 1779. 
Chaumont de la Milliére gave special attention to the School of 
the Ponts et Chaussées, to which he appointed an assistant di- 
rector in the person of Inspector General de Chézy, and gave a 
new set of regulations, of which the essential feature was the 
obligation of sending one student a year on a mission to Italy. A 
whole new set of regulations in relation to inspectors, sub-engi- 
neers, and students under pay was also drawn up. 

Under Necker’s ministry, as well as under that of his successor, 
Joly de Fleury, the question of personal service engaged the at- 
tention of the public powers all the time, because it continued, to 
be used very unequally in the kingdom, being the object of unjust 
vexations 1n some districts and being almost abandoned or com- 
muted in others. But the discussions of Necker with Perronet, 
and of Joly de Fleury with Chaumont de la Milliere on this sub- 
ject do not seem to have brought about a firm resolution of reform 
any more than did the replies of the twenty-four intendants of the 
kingdom who had been consulted. The struggle between the Par- 
hament of Guyenne and the intendant of the Bordeaux district 
which occurred during this period of hesitation, which lasted from 
1776 to 1786, has become historic. It was for ten years, between 
a local Court and the Government of the kingdom, a war of de- 
cisions published and posted, turn about, by the two parties at 
issue, without anyone being able to say which of the two would 
have the last word. Finally, the decree of November 6, 1786, or- 
dained that the conversion of personal service into a pecuniary 
tax should be tried for three years, and it was followed soon after 
by the royal declaration of June 27, 1787, which definitely abolished 
service in kind. Furthermore, events were rushing forward, and 
the ephemeral and tardy execution of this declaration, which 
caused one of the sore spots of the old régime to disappear, was not 
to prevent the French Revolution which broke out two years later. 
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The difficulties and struggles created during this last period 
(1769-1789) by the personal service system, did not prevent the 
advance of public works in many parts of the kingdom. There should 
be mentioned, however, the better completion and maintenance of 
the roads by the stone surfacing started by Trésaguet, and through 
the use of the compressing roller invented by Cassart. New regu- 
lations concerning the care and police of the roads were issued; 
the decree of November 18, 1781, turned over to the cities all the 
streets and avenues within their jurisdiction, and the decree of 
April 20, 1783, granted a delay of six months between the laying 
out of a road and the actual beginning of work, so that adjoining 
property owners could file and make good their claims for payment 
for the property condemned. 

Among the great navigation works of this period must be men- 
tioned the triple undertaking of the Burgundy, Charolais, and 
Franche-Comté canals. The Charolais, only, was finished in 1789 
The Revolution interrupted work on the other two. The Picardy 
and Somme canals were also begun, and the projects of the Brit- 
tainy and Paris canals were adopted, as was the project for the cut- 
off of the Yvette at Paris. Must be mentioned, among the works 
of second order, the rebuilding of the Nevers, Neuilly, and Saint 
Maxence bridges, the important levee works on the Loire, of which 
the levee service was simplified by the suppression of the Merchants 
Company in 1783; finally, the improvement of several seaports, 
and especially the closing in of the Cherbourg roadstead. The 
budget for Public Works had strangely increased, also, during 
this period. From 1769, when it was about five and one-half mil- 
lions, it advanced progressively to ten millions in 1786 and, if to 
these ten millions be added the representative value of service in 
kind, estimated by Chaumont de la Milliére at thirteen millions, 
there is obtained a total amount of twenty-three millions, which is 
already very respectable. 

More time has been given to this sketch of the Service of the 
Ponts et Chaussées then this division of the work seems to require ; 
but it must not be forgotten that this historical sketch is that of 
our public works in general, for the other studies to be taken up 
later, such as the Services of Mines, Railways, Departments and 
Communes, are of very recent birth and are almost without any 
history. Hence, this history of the beginnings of our public works 
was a natural introduction to a work on the present organization 


of our various Services. 
(To be continued.) 


Japanese Views on the Attack anv ges of Field 
Fortifications 


Translated by 


Lieut. A. R. EHRNBECK 
Corps of Engineers 


On account of the experiences of the Manchurian War it 1s 
natural that great importance should be given by the Japanese 
army to the matter of the attack and defense of field fortifications. 
Every year, at one or another of the large maneuver grounds, there 
is a particular ‘‘pioneer problem’’ in which two or three pioneer 
battalions and also troops of the other branches participate. In 
this problem a field fortification is built and attacked. The general 
inspector of military instructiont and the inspector of the pioneers 
are present at these exercises. 

Their criticisms and recommendations are published to all the 
higher commanders, whose duty it is, in turn, to see that such 
recommendations are incorporated in the instruction of the troops 
under their immediate command. 

For this purpose exercises are held comprising all three branches 
of the service, and mostly during February, March, and April, 
since the young rice plants are planted in May and it is not de- 
sirable to occupy the fields then. The weather usually is, at this 
time, raw and wet. Most of the activities in these exercises occur 
at night and, as they may last through several days, they are very 
fatiguing and thus are splendid simulations of war conditions. 

The recruits, who in Japan are turned over to their regiments on 
December 1, can not be used in these exercises. The strongest de- 
tachments are formed of old soldiers and consist of about two or 
three battalions of infantry, one or two cavalry squadrons, two or 
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ranslated from Vierteljahrshefte fur Truppenfuhring und Heereskunde 
(Troop Leading and Military Science Quarterly), published by the Great 
General Statt, Berlin, No. 1, 1912. 

TSince 1898 there has been in Japan a ‘‘General Inspection Bureau of In- 
’? which is directly under the Emperor and is responsible for the 
uniform instruction and progressive development of the different arms of the 
service. The inspectors of the cavalry, field, and foot artillery and of the 
special troops and also the higher army schools, with the exception of the War 
College, are a part of this bureau. The inspector general (at present, General 
Asada) has the right to inspect the troops. 
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three batteries and two pioneer companies. Supply and sanitary 
corps are also attached. The Japanese believe that the cooperation 
of the staff and the line—even behind the front—can only be prop- 
erly accomplished in war if it has been strenuously practiced in 
time of peace. 

The prescribed principles for the attack and defense of field 
fortifications are exactly the same for the German and the Japan- 
ese armies. In practice, however, several differences arise. 

The Japanese regulations prescribe that the defender shall for- 
tify one position only, and that by all available means. In spite of 
this, there is occasionally a tendency to fortify two parallel lines 
or else to push out trenches from the main position at various 
places. 

The reliance on long, connected lines of defense has been shat- 
tered, as in our (German) army. Only grouped positions are now 
recognized as practicable. The field fortification manual prescribes, 
in the main, the building of battalion redoubts or supporting points 
and field fortifications for a single company. The possibility that 
these works may be flanked or attacked from various sides is given 
greatest weight. 

The field artillery is also used more than by us in ‘‘almost: con- 
cealed’’ and “‘entirely open’’ positions. By deeper excavations 
and good masking of the guns it is expected that the early dis- 
covery of the artillery will be prevented. The formation of dust 
clouds during firing is to be prevented by revetting the ground 
with mats or by means of sprinkling in front of the gun muzzles. 

The profiles of the ‘‘shelters, covers,’’ and connecting trenches 
or traverses are of the greatest variety, dependent on the nature 
of the country, the kind of soil, and the time available for erecting 
the work. Extremely high value is assigned to building many 
traverses, which are often made of bags of sand where the soil is 
difficult to work. Many stepped ramps or exits are cut into the 
front wall in order to facilitate counter attacks. 

The machine guns are assigned the task of supplying the flank 
fire and are usually installed at the extreme outer angles of the 
firing line. In every case searchlights are set up beside the ma- 
ehine guns so that the latter may fire on illuminated targets at 
night. 

In addition to tactical requirements arrangements for proper 
sanitary measures and for the greatest comfort of the troops are 
also considered. The proper drainage of the trenches is very 
earefully provided for. As a preventative to moisture, the walls 
and floors of covered shelters are lined with paulins or rice straw. 
Charcoal fires, which give but little smoke, are used for warming 
the men. During the war the men were also provided with hollow 
shot which had lighted wads inside for warming the hands. Strict- 
est cleanliness is enforced in the temporary field hospitals and in 
the latrines. During long-continued exercises the ration is con- 
siderably increased and provision made for the men to catch up 
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sleep during the daytime. On account of the close cultivation of 
every available piece of soil, it is often not possible to make large 
clearings in the foreground; the more distant positions are, how- 
ever, marked properly. In addition, masking works and sham 
positions are laid out, with which the Japanese had marked success 
in Manchuria. The moving during the night of landmarks which 
would be of good use to the attacker is considered a fine means of 
deception. 

Particular value is given to the proper location and construction 
of obstacles. The most efficient obstacle (from actual war ex- 
perience) is a wire entanglement at least 10 meters wide and not 
more than 20 or 30 meters in front of the firing line. Its disad- 
vantage is that it betrays the position, unless it is very skillfully 
laid out and erected. For this reason the greatest of care is taken 
in masking this obstacle. 

For the passage of one’s own patrols narrow zigzag paths are 
left through the entanglement. These paths can be closed against 
the enemy by chevaur de frise. In front of and also behind the 
wire entanglement land mines are laid. When there is not suf- 
ficient time to place wire entanglements, wire loops are placed with 
which good results were obtained at Port Arthur. The fortifica- 
tion works are carried out on the same lines as our own (German). 
The pioneers are only employed in the construction of those parts 
of the works which require trained men; such as ‘‘ covered shelters’’ 
‘‘obstacles,’’ ete. The regulations direct that the work must be 
pushed vigorously and without cessation from the very first, since 
experience has shown that the time available for such work is usual- 
ly underestimated. The important positions are first constructed 
and then those of secondary importance. 

The introductory preparations for the attack on a fortified posi- 
tion bear evidences of the greatest thought. The instructions given 
in the German maneuver regulations (No. 376a) that during the 
daytime infantry detachments should be pushed forward toward 
the enemy in order to induce him to occupy his fortified positions, 
and in this way reduce the labor of reconnoitering, are not found 
in the Japanese regulations. The attacker advances out of range 
upon the position, conducts a proper reconnaissance and unless an 
absolute necessity exists to attack by daylight, he delays the further 
advance of the infantry until dark. 

The reconnaissance is done by large patrols composed of pioneer 
and infantry officers. Its main activities occur during the night, 
The particular and special duties of the infantry officers’ patrols 
are to reconnoiter the ground of attack with a view to the possibility 
of a covered advance, the crossing of streams and swampy depres- 
sions, and the approximate location of the first attacking position. 
The pioneer patrols must reconnoiter the hostile position itself. 
They are ordered to observe particularly from low lying points, in 
order to see whether or not parts of the (position) works are sil- 
houetted above the sky-line at night; very often the characteristic 
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silhouette of the wire entanglement betrays the location of field 
works. 

Protected by the presence of the patrols who are working over 
the ground of attack, the infantry is then brought up in the 
darkness to the first postion for attack ‘‘dependent on the terrain 
either in closed or open order.’’ With absolute quietness, guided 
by the fluttering signals of white flags or by signals with dark lan- 
terns the companies advance. <A short distance from the selected 
position for attack a halt is made; the leaders of columns and 
groups crawl carefully to the front until they believe that they 
have found points favorable for firing. The laying out or marking 
of the position is often done by lines made with white strips of 
paper or by strewing lines with lime. Non-commissioned officers 
and men to act as guide-marks then remain in the marked position, 
while the leaders crawl back to bring up the men under cover if 
possible. The formations used for this purpose differ greatly for 
different occasions and conditions. On very dark nights, in order 
to prevent straying of any of the men, the companies are led in 
line or in marching columns to a wing point of the position, the 
columns then turn and march along the marked position and take 
places along its front. 

The work of digging the shelter trenches then begins. 

While the infantry is pushing forward to this first attacking po- 
sition, the artillery of the attacker has gone into position farther 
to the rear. 

There seems to be a difference of opinion between the German 
and the Japanese regarding the necessity of laying out and pre- 
paring attacking positions for the infantry, the number of troops 
and the strength of the field works required. This difference is 
also noticeable in the printed regulations. Paragraph 380 of the 
German maneuver or exercise regulations for the infantry states 
that it is an advantage when the position selected for opening fire is 
near enough to the hostile position so that the storming of the 
hostile position can be undertaken direct from it; under such cir- 
cumstances the first firing position and the storming position will 
be one and the same. 

Based on experience gained in campaign, the Japanese do not 
figure on the possibility of any affair being so rapidly and quickly 
terminated. Their regulations state that one should approach a 
fortified field position by the construction of several attacking 
positions. In their military literature and in criticisms the thought 
is expressed that the attacker should consider the field work as *‘a 
shield being carried forward,’’ and that in the attack and defense 
of fortified field works that, on account of the use of shovels and 
spades, a dissipation of the idea of an attack is to be feared. 
So we see that the attacker immediately prosecutes with energy 

the task of building up the position from which he wished to open 
the attack by firing. Ordinarily, in strength of profile and in the 
number of supporting points and bombproofs or overhead cover 
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these positions are soon but little weaker than those of the defense. 
The highly developed ability of all arms of the service to construct 
earthworks brings it about that, during the course of a single 
night, positions are developed which are supporting points for the 
further advance of the attack. The development of such strength 
is, however, ordered also for the defender, who must be imbued 
with the strongest spirit of offensive defense. 

During the advance of the attacker the defense is held in abey- 
ance for the graver operations to follow, and also in order to pre- 
vent the early disclosure of his (the defenders’)*position. Neither 
does the artillery of the defense open fire as yet. Only some 
patrols, skillfully hidden in the surrounding country, try to render 
harmless the first tentative operations of the reconnaissance and 
information troops of the attacker. The holding back of the de- 
fense ceases as soon as the attacker has brought up his troops and 
begins the work of reconnaissance with larger bodies and in great- 
er detail. Under cover of darkness, and much assisted by their 
better knowledge of the terrain, numerous strong patrols of the 
defense fall upon those of the attacker. The searchlights are put 
into operation, and machine guns and covering troops open fire 
on the avenues of approach. At places where the attacker ad- 
vances too rashly or too far, detachments, sometimes large, some- 
times small, rush out of the works and surprise the attacking 
forees. This activity of the defenders compels the attacking 
forces to push forward strong guarding troops during the prepa- 
ration of the first firing position and also keeps the working de- 
tachments in a constant state of preparedness for battle. 

Only in case of very favorable terrain will it be possible for the 
infantry of the attack to advance still farther on the morning 
after the building of the first firing position. Ordinarily, this 
infantry rests at this time, while the attackers’ artillery opens 
fire on the defenders’ position. On the evening of the second 
day the work of advancing is resumed. As the enemy is ap- 
proached the construction of field works becomes more and more 
difficult. The use of sand bags is then customary, and it becomes 
a necessity as one approaches near to the attacking or storming 
position. Therefore many opportunities are taken to let men 
rush forward, each loaded with a 20 to 30 kilogram sandbag. 
From the last firing line to the storming positions a chain of men 
is formed, at from 3 to 5 paces interval, who le on their backs, using 
the cover furnished by every existing small fold of ground. The 
sandbags are then passed up from the rear and piled by the men 
farthest to the front. As soon as there is sufficient cover the 
troops crawl carefully forward and distribute the sacks so that a 
breastwork is made which acts as cover for the earthwork opera- 
tion, which is then begun, with naturally a very strong covering 
force for the working head; and the chain of men is protected by 
patrols sent out to the front and to the sides. The beams from 
the searchlights often force the operation to be suspended or else 
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peculiar means of concealment must be provided, amongst which 
is the custom of making thick smoke by burning off wet grass, 
straw, or weeds soaked in petrolium. This method of shelter 
against searchlights has proven very effective. 

The advance into the storming position and the permanent oc- 
cupation of that position is considered impossible without the use 
of. the attacking artillery. The Japanese regulations therefore 
prescribe that ‘‘before the infantry has occupied the storming po- 
sition, the artillery must, under cover of darkness, change its 
position to the front.’’ Ordinarily, at this stage the artillery of 
the defense is also brought out far enough to the front to shell the 
attack directly at very close range. Often, as also happened dur- 
ing the war, they take up positions in the infantry line itself. 

If, in spite of the fire of the defense and continual sorties, the 
attacker succeeds in getting firmly into the storming position, he 
then turns all his energies toward the destruction of the obstacles. 
As an important principle, it is advised that the strength and 
manner of construction of these obstacles should be first thoroughly 
ascertained. 

A very careful reconnaissance is therefore made. The total 
and final destruction of the obstacles is to be made by the pioneers 
with high explosives. The surest method for attacking the wire 
entanglement is considered to be that of throwing long, hollowed- 
out bamboo poles loaded with about 150 sticks of dynamite each, 
into the wires. These blow out wide streets or openings, which are 
further broadened during the vital operation of storming. Abatis, 
and also the wooden part of the wire entanglements are to be de- 
stroyed by fire, being first soaked in kerosine. The support and 
safety of the troops engaged in destructive operations is secured by 
machine-gun fire in flanking or rear positions. The defense now 
bends every effort toward the replacing and repair of the destroyed 
obstacles. Lighting candles, of the nature of roman candles, and 
straw fires serve for lighting in place of the searchlights, which 
have doubtless by this time been put out of commission. If there 
are still searchlights or light projectors on hand they should be 
installed in the inner ditches or trenches to increase the difficulties 
of any hostile patrols which may attempt to sneak through weak 
points in the line. In the last phases of the struggle, when the 
distance between the combatants has been reduced to 100 meters 
or even less, the hand grenade comes prominently into use. 

In general, the morning twilight is considered (in the German 
regulations) to be the most favorable time for the execution of a 
storming movement. This rule, however, is frequently violated 
and attacks may be made in pitch darkness when it is a question 
of the capture of weaker outlying positions, or when there is a 
possibility of penetrating into the defender’s lines by quickly 
following up repulsed attackers. 

Behind a heavy veil of patrols, in close order, usually in march- 
ing formation, with unloaded rifles and bayonets fixed, the com- 
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panies advance slowly and silently (about 60 to 70 steps per 
minute) toward the openings in the obstacles. When the first 
advance troops have reached the obstacles, they throw themselves 
on the ground. Under cover of their fire, pioneer troops with 
wire cutters and small explosive cartridges try to widen the open- 
ings. Through these openings the columns rush forward to the 
attack. Deploying toward each side when past the obstacle they 
rush at the enemy in close order, silently, without. cheering or out- 
ery. The defender does not await the attack in-his trenches. If 
the attacker has succeeded, in spite of the heavy fire of artillery, 
machine guns, and rifles, in spite of the explosion of hand gre- 
nades and land mines, in penetrating beyond the obstacles, then 
the defenders rush out to meet the attack with the bayonet. The 
decisive struggle occurs in the narrow space of 20 to 30 meters 
which separates the trenches from the obstacles. 

If the attacker is victorious he is satisfied to occupy the de- 
fender’s position. He quickly alters the works to make them 
front in the opposite direction and to secure himself against 
counter-attacks. The Japanese never neglects to prepare for 
counter-attacks when he has any reserves at all left. He knows 
that this is the most propitious moment for such attacks. The 
attacker has suffered heavy losses, his communications are in great 
disorder; there will also be a tendency to relax in watchfulness 
and vigor of operation after several days and nights following the 
heaviest labor. 

The attacker therefore draws his reserves, who have in the mean- 
time occupied the storming position, into the captured position. Ar- 
tillery and machine guns hurry there also. The communications are 
put in order, but only in full daylight is the pursuit taken up. Fre- 
quently the attacker does not succeed in his first attempt at captur- 
ing the defender’s position. With heavy losses and in great disorder 
he falls back, followed hotly by the counter-attacking defenders. In 
this case, his attacking positions prove of inestimable value to him. 
With their help he will succeed in making a stand and preparing 
for a fresh attack. Thus they actually act as ‘‘A shield, which 
the attacker carries before him.”’ 


Editorial Potes 


Che Memoirs tn 1912 


One year ago we announced that the number of paid subscribers 
to the PROFESSIONAL MeMorrs was four hundred, an increase of 
11 per cent in two and one-half months following the inaugura- 
tion of a small campaign of publicity by sending out cireulars to 
selected individuals whom it was believed would be interested in 
the subjects covered by the ProressionasL Memorrs. This cam- 
paign of publicity has been kept up throughout the year with 
very satisfactory results, inasmuch as the net paid circulation has 
increased over 50 per cent during the year and bids fair to con- 
tinue at the same rate. 

This, of course, has resulted in an increased income and, as no 
profit is made on the publication, it will enable more money to be 
put into cuts and pictures than heretofore, this being one of the 
most expensive parts of getting out the publication. We have 
other plans for improving a little, from time to time, the PRro- 
FESSIONAL Memorrs, and as time and money become available they 
will be put into effect. 

We desire at this time to express our appreciation of the support 
given to the magazine in the past, and trust that its excellence 
will warrant the same support in the future. We would state for 
the benefit of our readers at large that we will be very glad indeed 
to receive articles from anyone, and we desire again to call atten- 
tion to the offer of prizes made in No. 18 for the year 1913; that 
is, one hundred dollars for four prizes of fifty, twenty-five, fifteen 
and ten dollars each for the four best articles published during the 
year, the competition being open to all subscribers excepting officers 
of the Corps of Engineers with more than ten years’ service in the 
Corps. It is hoped that the award of the four prizes for 1912 can 
be announced in the next issue. We will gladly send information, 
upon request, as to how articles should be prepared, and if each 
one intending to write an article will make such request it will 
save us and possibly the author himself considerable work and 
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delay. This is particularly important as regards maps and draw- 
ings. 


Book Kebiews 


We have received three or four seemingly very good books for 
review, but due to lack of time to review them properly for this 
issue, we are obliged to carry them over to the next number. 


Another Lock Accident in Gelland Canal* 


A serious accident and break in the Welland Canal occurred 
about two o’clock on the afternoon of November 1, when the 
steamer Samuel Marshall, owned by the Central Canada Coal Co. of 
Brockville, carried away the four gates of lock 138, and badly 
damaged the bridge crossing the canal a short distance below 
the lock. The Marshall was bound up, lhght, and on entering 
the lock : -mmed the two head gates, throwing them apart and 
letting the waters of the upper level rush through; tearing the 
upper and lower gates from their sockets and forcing the steamer 
back against the bridge which crosses the canal. The working 
gear of the bridge was badly wrecked, and the bridge thrown out 
of position, blocking all travel along the road. Fortunately, the 
level above is a short one, and there was comparatively little 
damage to the canal banks or surrounding country. The steamer 
escaped without serious damage. The ponton, with new gates, 
from Port Dalhousie, was at once hurried up to the break. 

There has been an unusual number of accidents this season on 
the canal, this being the fifth time that gates have been carried 
away. 





*From Marine Engineering of Canada, for November, 1912. 
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Che Georgetown Reservoir 
BY 


Lieut. J. J. BAIN 
Corps of Engineers 


The Georgetown reservoir is located in the District of Columbia, 
at the intersection of the Conduit Road with Reservoir Street. 

In shape it is almost a rectangle, approximately 2,250 feet 
long and 850 feet wide, including some 42 acres. 

It was constructed as the distributing reservoir for the system 
of water supply for the District of Columbia, designed by Capt. 
M. C. Meigs, Corps of Engineers. It was Captain Meig’s in- 
tention to divide the reservoir into two sections, the upper contain- 
ing about 24 acres and the lower about 18 acres. The division was 
to have been made by an embankment, the top of which was to be 
at an elevation 2 feet below the ordinary surface of the water in 
the reservoir. By this design, the upper section would have be- 
come a sedimentation basin, and the lower section a storage basin 
where the pure surface water flowing in a thin stream over the 
top of the dividing embankment would be stored until drawn off 
from the opposite end of the lower section for consumption in 
the city of Washington. Actual construction was begun under 
contract in September, 1862, but in one regard a radical departure 
was taken, by those then in charge, from the plans of Captain 
Meigs. The dividing bank of the reservoir was -built to the full 
height of the outside banks, a narrow cut lined with masonry 
and fitted with stop plank openings was left in the middle of its 
length, and a 48-inch cast-iron pipe line was laid from this opening 
beneath the bottom of the lower section to the effluent gatehouse. 
By this arrangement water could be drawn from the lower section 
after having passed through both sections, or it could be drawn 
direct from the upper section through the cast-iron pipe without 
passing through the lower section. 

- For many years the reservoir served its double purpose as a 
storage and settling basin, but as the consumption of water in- 
13 
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creased, it was noted that its sedimentation duties were not per- 
formed as they should have been. 

The draft through the middle opening of the dividing embank- 
ment and the cast-iron pipe and through the effluent gate was so 
great that the greater part of the water which reached the city 
mains was drawn in a comparatively narrow stream straight from 
the influent to the middle gate, and thence straight to the effluent. 
gate. In times of turbidity, the muddy water followed this stream 
and did not diffuse itself through the whole body of water in the 
reservoir, as it should have done in order to produce the greatest 
amount of settling. It was at one time recommended that the 
reservoir be altered so as to conform to the original design of 
Captain Meigs, but this was not done. 

When the filtration plant was put in operation on August 21, 
1905, the Georgetown reservoir ceased to be the distributing reser- 
voir of the system, but was continued in use as an intermediate 
storage basin. It was found that while the filtering reduced the 
turbidity to a great extent, it did not entirely remove it at all 
times, as some of the silt in the Potomac water is very fine and is 
not completely intercepted by the sand of the filter beds when the 
water is extremely turbid. 

In 1910, Congress authorized the construction of a plant for the 
application of a coagulant at certain times in order to reduce the 
turbidity of the Washington water. This plant was constructed 
on the line of the conduit, just below the Dalecarlia reservoir. 
This made the remodeling of the Georgetown reservoir absolutely 
necessary, since, according to the theory of its action, conditions 
favorable to thorough sedimentation must exist in order to get 
the full benefit of the coagulant. 

In the annual appropriation bills for 1912 and 1913, Congress 
appropriated $108,000 for the purpose, and the work of remodeling 
is now being done. 

The approved project for the expenditure of the above appro- 
priations requires, in general, the following changes to be made in 
the reservoir: first, stopping up the old opening or cut in the 
middle of the cross dam; second, cutting a new opening near the 
extreme southern or right-hand end of this cross dam; third, the 
erection of an earthen dam as shown in Plate I, starting from the 
upper end of the reservoir near the influent gate and running in 
a general way parallel to the left-hand or Conduit Road side of the 
reservoir until it intersects the cross dam; fourth, the construction 
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of a gap or cut in the lower end of the new dam, containing eight 
sluice-gate openings; fifth, paving the top and sides of the earthen 
dam with conerete or riprap; sirth, the construction of two longi- 
tudinal conerete drains from the inlet to the outlet of the sedi- 
mentation basin; seventh, paving of the sedimentation basin with 
concrete; eighth, the construction of a reinforced conerete baffle 
parallel to the new dam in the portion of the upper section outside 
of the new sedimentation basin, and, ninth, laying a new section 
of 48-inch cast-iron drain to connect that already laid with the 
lower ends of the concrete drain in the sedimentation basin. 

The work was begun in March, 1912, and will be completed, 
partly by contract and partly by hired labor, by June 30, 1913. 

The most novel feature of the construction is the baffle, the de- 
tails of which are shown in plate II. It consists of open reinforced 
concrete triangular piers, spaced 15 feet apart, and connected by a 
thin concrete wall, or web. 

The piers were made by placing the steel reinforcement and con- 
crete in forms in the usual way. The web between piers was built 
up by shooting mortar, by means of a cement gun, against wooden 
forming placed behind the outer layer of wire fabric reinforcement 
until the web had been built up to a thickness of about 4 inches. 

After making the above-named changes, the coagulated water 
will enter the sedimentation basin through the influent gate, and 
will remain there long enough for the coagulating action to become 
complete, thus depositing the greater part of the coagulated matter 
upon the concrete floor of the basin. By means of the sluice gates 
the water may be drawn into that part of the north half of the 
reservoir outside the sedimentation basin, either from near the 
surface or from near the bottom. Before reaching the effluent gate 
the water so drawn must travel in a tortuous path around the 
ends of the new baffle and the end of the old cross dam which 
originally divided the reservoir into two parts. It is believed 
that by this arrangement the water will be given more time to 
complete sedimentation, and will diffuse itself more thoroughly 
over the reservoir, because, while its velocity is the same as before, 
it travels over a longer path. 

For cleaning purposes, the sluice gates between the sedimenta- 
tion basin and the remainder of the north basin will be closed and 
the one in the 48-inch drain opened. Such of the sediment which 
is not drawn out with the water then in the reservoir, will be 
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loosened and carried out by flushing with fire hose. By a new 
connection at the effluent gatehouse, the sediment bearing waiter 
will be conducted back to the Potomac River by way of Foundry 
Branch. 





Fig. 4 (top). Effluent gatehouse. The building with the dome was General 
Meig’s design; the buildiny in the form of a castle was built later. 

Fig. 5 (bottom). West side of new earthen dam, showing sluiceways between 
the settling basin and remainder of the north half of the reservoir. In- 
fluent gatehouse with dome can be seen near left edge of illustration. 
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Fig. 6 (top). Right, or east side, of new earthen dam, showing sluiceways, 
concrete and stone paving aud part of settling basin with openings into 
one of the drains for flushing the basin. 

Fig. 7 (bottom). East, or right, wall of the settling basin, showing original 
paving at top and one of the flushing drains at the bottom. 


Improvement of Rivers® 
BY 


Maj. WM. W. HARTS 
Corps of Engineers; Member American Society 
Civil Engineers 


In undertaking any river improvement for the benefit of navi- 
gation, many considerations necessarily enter into the determina- 
tion of the methods to be followed. It sometimes oceurs that the 
solution is so obvious as to be self-determining, as at the Cascades 
of the Columbia River where the advantages of a short lateral 
canal across a convex bank were so plain as to practically exclude 
other methods from consideration; but in the usual case there is a 
choice among several methods and usually considerable study is 
required to select the most suitable. This selection often depends 
more on the character of the river than it does on the nature of 
use to which the work will be put. 

For example, at Rock Island Rapids in the Mississippi River, 
where the channel has been successfully used for many years as the 
result of open river regulation, it was at first thought that a lateral 
canal would be necessary and such an improvement was proposed, 
even for the depth of 414 feet then needed. But a fuller study 
of the problem showed that the character of the river was such 
that the needs of navigation, as then existing, could be adequately 
met in an artificial open waterway supplemented by dikes and 
other contraction works. 

The influences affecting the choice of a method of river improve- 
ment are changing, being constantly modified by later experience 
and by newer and better mechanical apphances. From _ present 
tendencies there seems small doubt but that in many instances 
lateral canals would probably no longer be so freely chosen at the 
present day as formerly, but that some type of canalization would 
be adopted instead if the project were up for determination anew. 

The reasons which may incline the engineer to the selection 
of any particular type of improvment may be analyzed with ad- 
vantage. The marked advance in recent years in the efficiency of 
machinery for excavation is one of these reasons which has more or 
less changed the economy of channel building and has had its 


*Reprinted, by permission, from Proceedings of XIIth International Con- 
gress of Navigation, held in Philadelphia, May, 1912. 
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effect on the choice of methods to be followed. Many harbor 
channels that originally could not be deepened, owing to the high 
cost of effective improvement, are now being dredged to depths 
suitable for deeper draft vessels. In New York Harbor the Am- 
brose Channel, 7 miles long, 2,000 feet wide and 40 feet deep, is 
being dredged with sea-going hydraule suction machines at the 
surprisingly low total cost of 5.4 to 5.7 cents per cubic yard 
(PROFESSIONAL Mrmorrs, Engineer Bureau, U. 8. Army, January- 
March, 1909, pp. 61-62.) Some years ago it was believed by many 
engineers that an effective entrance channel to this harbor could only 
be secured permanently by the adoption of protecting jetties of rip- 
rap. The high cost of such work and its physical difficulties de- 
terred engineers from undertaking it for a long time, and 
only within recent years has the construction of the entrance chan- 
nel been considered economically possible, mainly through the 
greater perfection of dredging machinery. 

This same tendeney is felt to a certain degree on our rivers, and 
our ideas of improvement are likewise undergoing some read- 
justment both as to practicability and as to choice of methods. 
Although this choice is often not as free as might be liked, since 
local conditions sometimes place narrow limits upon it, still, when- 
ever one of several plans is to be selected for adoption the changing 
circumstances must be borne in mind. 

For example, soft digging with a dipper dredge was done on the 
Lower Tennessee River in 1910 for three and six-tenths cents per 
yard, place measure, including all current field expenses, but 
excluding extensive repairs, plant cost and overhead charges. <At 
Muscle Shoals Canal a record of nineteen years shows that sedi- 
ment has been removed from the canal at the same average cost 
with a ladder or continuous bucket dredge. Including all charges, 
the cost has been 5.16 cents per yard at the latter place. In excava- 
ting through rock ledges exceptionally reasonable ‘work has been 
done at Allens Bar near Hobbs Island, where the entire cost, in- 
cluding blasting, dredging, loading on barges and dumping in 
dikes amounted to only 28.1 cents per yard, including all current 
field expenses. These low prices are undoubtedly largely due to 
careful management, but improved machinery is nevertheless the 
important factor. 

Before discussing the methods of river improvement, it may be 
desirable to enumerate the various classes of work used. The four 
principal divisions of river improvement methods are as follows: 


1. Contraction, including the use of spurs, sills, training walls 
and bank protection. 

2. Excavation, including dredging. 

3. Canalization, including locks and dams; and 

4. Lateral canals. 


These methods are all well recognized and are in extensive prac- 
tical use to-day. To these is sometimes added a fifth: Reservoirs. 
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Engineers are ordinarily largely guided by their preferences for 
certain classes of work, usually those met with in their own ex- 
perience, and are often inclined to look with some disfavor on 
methods with which they are less familiar. But it would un- 
doubtedly be best to recognize at once the good points of each 
tried method and combinations of two or more of them whenever 
found by experience to be advantageous. Untried theories and 
purely experimental modes of improvement will usually not receive 
extensive application at the hands of practical men. 

On one point, however, most engineers will doubtless be agreed, 
that is, that the navigable part of the river must be studied as a 
unit rather than piecemeal, and work must be done with some 
definite coordination, so that a logical, systematic, and connected 
improvement will result. 

No two rivers are just alike in slope, discharge, character of bed 
and banks, nature and size of drainage basin, or kind and amount 
of sediment carried, but, in general, it is observed that they are 
alike in some particulars, that they all have a more or less winding 
course with a constantly varying hydraulic radius, and consist of 
a succession of pools where depths are greater than the average, 
.separated by bars where depths are less than the average. The fact 
is now no longer overlooked that these bars are like submerged 
weirs and have a decided effect on the elevation of the water surface. 
The danger of the early methods of improving the Rhone by deep- 
ening shoals separately, and cutting through bars independently 
of their relationship to the remainder of the river, has been re- 
peatedly dwelt on by engineers. Unless contracted artificially, 
this invariably facilitates the outflow of the water of the pool 
above the site of the work, with a consequent lowering of the sur- 
face, and often causes an ultimate decrease instead of an increase 
ot depths. On the Rhone at La Mulatiére the level of the low 
water surface was reduced 4.66 feet in seventeen years by a deep- 
ening of the channels on the shoals below. 

It seems plain that each separate work in a river should bear a 
similar relationship to the others as do the links of a chain. This 
need not prevent the gradual appleation of the methods selected, 
but would require that each work should form a part of a definite, 
comprehensive scheme. 

The use of contraction works seems more particularly adapted 
to the portions of rivers where ample discharge, considerable 
width, small slope, and gentle flow are met with. The Rhine be- 
low Strassburg, the Elbe from its entrance into Germany, the 
Niemen through Prussia, the Rhone below Lyons, are foreign ex- 
amples of rivers that have been improved by these means. In this 
country the Mississippi above the mouth of the Missouri is an ex- 
cellent example of this class of work, and instances of its suecess- 
ful application are found in the Columbia, Missouri, and Ten- 
nessee rivers, and on the French Broad and THiwassee, tributaries 
of the Tennessee. 
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The amount of depth attainable by this method is ordinarily 
very limited. If the contraction is overdone, in rivers with mov- 
able beds, an excess of scour may result, accompanied by a lower- 
ing of the water surface and perhaps a flattening of the slope in the 
lower reaches; or, if the beds are formed of resisting material, an 
excess of velocity may be occasioned. 

It is an elementary principle that movable river beds must ordi- 
narily be protected wherever contraction works are used, for 
otherwise the effect is sure to be largely local and the material 
scoured out by the currents is likely to be deposited elsewhere, fre- 
quently on other bars where depths were ample before. The pro- 
tection of the banks in such cases 1s usually far from simple, but 
the bottom protection is often much more difficult and costly. 
Sometimes this arises from the lack of suitable materials, some- 
times from the width of river, sometimes from the character of the 
material of the bed and banks, but oftenest from the soft and shift- 
ing nature of the bottom. For these reasons, the regulation of the 
Ohio by spurs and training works has been abandoned. Until 
sills for the protection of the river bed were adopted on the Rhone 
in 1882 the full benefit of the many years of regulation was not 
obtained. 

It is doubtful whether more than a very few feet can be secured 
by this means in the average case without overdoing the amount of 
contraction. It has been stated by Prof. H. Engels, a well-known 
writer on this subject, that: ‘‘1. Only rivers or long reaches of 
rivers in which natural erosion is fully developed are adapted to 
regulation. The navigability of unfinished rivers yet in a state 
of erosion can be improved with permanent results only by canal- 
ization. 

“2. The most that can be accomphshed by regulation is the 
desired adjustment of the slope of the low water lne, and this 
only on reaches of uniform regimen and uniform characteristics. 

‘3. This feasible adjustment of the slope to be accomplished 
when the conditions are most favorable can only be established 
and brought about by constructive measures after the formation 
of that part of the channel which rises above low water is com- 
pleted; after the conditions of the bed have adapted themselves to 
the change of energy caused by the formation of the mean and 
high water bed; in other words, after the erosion caused by this 
formation has come to rest. 

“4. To secure the establishment and permanent preservation of 
the adjustment of slope, the irregularities of the bed in the longi- 
tudinal and transverse profiles are to be adjusted after reinforcing 
the low water shore, and the bed is to be strengthened where at- 
tacked by the water on 2ccount of the ground plan of the channel. 
Restriction of width alone will not bring about that degree of navi- 
gability which may be attained.’’ 


He also states that the depth attainable is expressed in the for- 
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eC) PN a, , 
mula d= (2 2 1n which d is the depth; Q, the measured dis- 
wk Ni: 


charge; w, normal low water width; 7, the adjusted slope, and 
k a constant corresponding to the constant of Chezy’s formula. 
firans. Am. Soc. C. E., Vol. XXIX, page 220.) 

If these views seem rather extreme as far as they bear on ‘‘un- 
finished”’ streams, the assumpticn that the gain is measured by the 
practicable amount of adjustment of the low water slope is open to 
much less question. 

Dredging as an exclusive method of original improvement. is 
seldom practiced on interior rivers of the United States, except 
where the banks are comparatively low and unstable, the flow very 
gentle, and the discharge large. Navigable depths of 9 feet in the 
Mississippi River below the mouth of the Ohio are now being main- 
tained mainly by dredging, but the work is being supplemented by 
bank protection, the design being ultimately to protect the banks 
from caving by the use of brush mats and riprap stone, and thus 
finally limit the bank-full channels to a predetermined width in 
order to accelerate the carrying velocity and insure regularity of 
regimen. This will also aid in maintaining depths and, perhaps, 
finally render much of the dredging unnecessary. Ten suction 
dredges of great capacity are employed in this work. It has been 
estimated from the surveys of 1908 that there were 749 miles of 
eaving bank along the length of 790 miles of river between Cairo 
and the Red River, almost equivalent to one entire bank, and 
observations in 1892 indicated that 100,000 cubic yards per mile 
fell into the river annually between Cairo and Donaldsville, La. 
it seems plain that until the banks can be protected nothing per- 
manent or satisfactory can be expected. A recent plan for in- 
creasing this 9-foot depth to 14 feet proposes regulation of the low 
water slope by the addition of transverse sills combined with a 
contraction of the banks. Above the mouth of the Ohio and up 
to the mouth of the Missouri 8-foot depths at low water are main- 
tained by dredging supplemented by the use of permeable dikes 
to restrict the river width at the bank-full stage to 2,500 feet. 
These permeable dikes encourage the deposit of silt and the growth 
of new banks. 

Open river regulation is usually the first method studied for 
new projects. If the depths required for boats are not too great, 
if the river is wide and dams for canalization expensive, if the 
banks are low requiring too many low-lift locks, and especially if 
funds are not sufficient for any other more radical improvement, 
resort is usually had to this kind of work. After a general scheme 
has been adopted work can be carried on at the difficult places 
first and in this way the most urgent needs of navigation met in 
order of importance. 

Contraction works leave the greater part of the river open for 
boats, thus avoiding the delays at locks, are generally moderate in 
cost, can be changed if not entirely successful upon the first trial, 
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may be applied gradually, do not flood the banks nor interfere with 
high water flow, and ordinarily indicate the channel to pilots at 
low water. On the other hand, they require careful study for cor- 
rect location, are not invariably successful, require considerable 
maintenance, and are usually limited in effect to a very few feet. 
They are not adapted to rivers of small discharge and steep slope. 

Following European practice, the efforts to obtain 6-foot naviga- 
tion on the Ohio River above Cincinnati were directed during the 
early 80’s toward improvement by dikes and training walls, of 
which many were built at the various shoals. In plan they left 
the bank in a long curve and followed downstream parallel to the 
ehannel, contracting the waterway without protecting the river 
bed. They were built to a height of 4+ feet above low water and 
their completion caused a disturbance in the equilibrium thereto- 
fore existing and was usually followed by a local increase of depths, 
sometimes at the expense of decreased depths on bars lower down- 
stream where the dislodged material was occasionally brought 
to rest. This method was only partly successful in the upper 
portions where the low water discharge was small and_ shoals 
frequent. When the 6-foot project was abandoned and the 9-foot 
project adopted for this river, the more radical method of locks 
and movable dams was selected and the use of training walls aban- 
doned as insufficient. 

Dredging in rivers, on the other hand, is immediate in its effect, 
the expenditure 1s applied directly to the seat of the trouble, and 
it is suitable for any type of stream. Dredged channels are usual- 
ly not difficult to plan and their excavation is seldom accompanied 
by special engineering difficulties. When well located they often 
are fairly permanent. If the shoal is caused by a deposit of sedi- 
ment it will sometimes reform, unless prevented by contraction 
works so designed as to remove the cause of the original deposit. 
On the Mississippi redredging each year is still necessary on some 
shoals, but in hard river beds elsewhere the channels are often 
reasonably permanent. It is frequently the practice to use the 
excavated material in constructing dikes or training walls for a 
compensating contraction of the river in the neighborhood of the 
dredged cuts wherever the material is suitable, as is done on the 
lower Tennessee with good results. 

If either dredging or contraction should be followed in river 
improvement to the exclusion of the other a considerable advantage 
would be lost, for it is by the combination of these two methods 
that the best open channels have been obtained in river work. 

Regulation by spurs, sills and training walls, supplemented by 
dredging, merges without any sharp dividing line into dredging 
supplemented by contraction works, and the predominance of one 
method over the other will depend invariably on the character of 
the stream and the results to be achieved. 

As a type of work where the contraction feature is the more 
predominant, the Upper Tennessee is a fair example. There the 
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present project is to obtain a 3-foot depth at low water by open 
channel work. The methods followed to-day represent the outcome 
of many years’ experience with dikes, bank protection, spurs and 
channel excavation and will be briefly described. The river has a 
normal width of about 600 feet, discharge of about 2,500 second- 
feet at low water, and 395,000 second feet at extreme high water. | 
The bottom on nearly all shoals is rock or hard gravel overlying 
rock at varying depths. The variation in bed and banks is so small 
from year to year that it may be justly described as of “‘fixed 
regimen.’’ 

The preliminary step is always a careful, detailed survey, show- 
ing the depths, nature of the bottom, low-water slope, and veloci- 
ties at various places. A study of the physics of the locality is 
made and the action of the currents at varying stages observed. 

The main steps in the work are then as follows: 

First, the secondary channels back of islands are usually closed 
and the best location for the navigation channel selected. This 
location is almost invariably along one bank, the reasons for which 
are numerous, the following being the principal ones: It is more 
easily navigated, especially at night, more easily found by pilots, 
and more easily maintained, as it usually follows the convex bank 
where the tendency to refill is least. It is cheaper to construct, as 
the bank can be protected at less cost than a dike can be built; 
quicker, as the first cut of the dredge can be placed on the bank 
without using scows or barges for removing the excavated material ; 
and hetter, as the channel ean be straightened if needed and the 
minor irregularities in the bank corrected. Furthermore, spurs 
or training walls on both banks on epposite sides to contract the 
channel have been found difficult to navigate at intermediate 
stages of the river and often dangerous from the ‘‘draw’’ over 
them when submerged. 

Second, the normal profile low-water width is calculated by the 
usual formulas involving the width, depth, and character of bed, 
the discharge and slope of the river, and when obtained, is checked 
with actual conditions in normal reaches nearby. Formulas are 
never entirely reliable, as no mathematical expression is equally 
applicable to the many varying cases met with, but they serve as a 
guide and when compared with the natural conditions are often 
useful. 

Third, a combined system of bank protection, spurs and training 
walls, and sometimes sills when needed, are apphed, so arranged 
as to hold up the water surface after the excavation is made, and 
so designed as to smooth out the inequalities in the low-water slope 
and distribute the fall over a longer stretch of river than before 
in order to reduce the extreme velocities. 

Fourth, the bottom is drilled and blasted, if necessary; the ma- 
terial is dredged out and placed in the dikes, and after completion 
the shoal is re-surveyed to see whether further changes are neces- 
sary in adapting theory to the problem. Gauges are placed before 
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Fig. 4 (upper). Preparing foundation bed for navigable pass, Dam 28, 
Ohio River, November 12, 1912. Notice 5-foot by 6-foot cut-off wall at up- 
stream edge of dam with two rows of 14-inch twisted steel rods in bottom. 
Also three rows of same size rods spaced 4 feet center to center below cut-off 
wall. Rock is sound gray sandstone, except near middle of picture, where 
sound rock was 5 to 10 feet lower than on either side. 

Fig. 5 (lower). Navigable pass raised, Dam 37, Ohio River; water about 18 
inches below top of Chanoine wickets. 
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commencement along the site of the shoals, at the head and foot, 
and about a half mile above and a similar distance below, to ascer- 
tain the effect of the dikes. These gauges are read daily. When 
finished, survey of the work is made and the new slopes and 
velocities plotted. It sometimes happens that this survey will in- 
dicate that some dikes must be prolonged, or the channel narrowed, 
or perhaps a dike lowered in height to obtain the best results. 

A very satisfactory example of this kind of work on the Ten- 
nessee River is at Little River Shoals. (See map herewith.) The 
maximum slope was originally 9.5 feet per mile at low water and 
is now about 5.3 feet. The low water discharge is about 2,500 
eubie feet per second and high water discharge 395,000 cubic feet 
per second. The maximum velocity at low water was over 8 feet 
per second, and this has been so reduced that ‘‘warping’’ in pass- 
ing up is no longer necessary. 

On this work the rock excavation cost $1.92 per cubic yard, made 
up of drilling and blasting at $1.71 per cubic yard and rock dredg- 
ing at $0.21 per cubic yard. Gravel cost $0.10 per cubie yard to 
excavate. The dikes cost $1.74 per lnear foot, or $2.55 per cubic 
yard. Dikes were largely constructed of material excavated from 
the channel. 

On the other hand, there are examples of a different kind of 
combination of dredging and contraction in the lower reach of the 
Tennessee River where the excavation is the predominating part 
and the contracting works are mainly for the purpose of ecompen- 
sating for the increased cross sectional area of the river, due to the 
newly dredged channel. In this section the distance from River- 
ton to Paducah is 266 miles; the total fall at low water, 77 feet, 
or an average of 0.34 foot per mile at low water. The low water 
discharge is about 10,000 cubie feet per second. The project pro- 
vides for a channel 150 feet wide and 5 feet deep at low water over 
all the shoals. Dredging has been very successful on this section, 
and the dredged cuts remain open in most cases without any later 
work. This is believed to be largely due to the contraction of the 
river opposite each cut by dikes which are composed of the dredged 
gravel and so placed as to hold the water surface without material 
change. It has not been found practicable to raise this surface 
to any important degree by these dikes, but their apparent useful- 
ness in preventing any decrease of depth warrants some additional 
cost for construction. 

The various combinations of these two kinds of work, viz, con- 
traction and dredging, represent one important method of improve- 
ment that has been extensively applied in cases where the river 
characteristics and required navigable depths permit, but their 
usefulness is by no means universal. 

Canalization must be resorted to whenever the discharge of the 
stream is too small for open river work, or the slope too steep, or 
the depths attainable thereby insufficient, and will usually be 
considered when it has been found that the simpler and cheaper 
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means before described are not applicable. Canalization costs more 
per mile, its maintenance is higher, and its delays to downstream 
traffic are usually greater. But its results are positive and imme- 
diate; it renders upstream navigation easier than before, and af- 
fords greater safety to vessels than the other methods. Where 
downstream navigation is of great importance during high water 
stages, as on the Ohio, movable dams must be used, so that when 
dropped the river may be practically unobstructed at such stages. 
Such dams have greatly widened the applicability of canalization. 
A comparison of the cost of regulation and canalization is given 
below: 


TaBLe A.—Cost of Regulation. 























| 
River. Depth, feet. Miles. | Cost. Average! | Satter 
Del Mer Mang initls 
| 
| 
In the United States. (West-| 
ern Soc. C. E., Feb., 1900-)| 
Upper Mississippi, St. Paul to | 
Missouri River.0 222.0 oe 4.5 | 632 '10,252,653.66| $16,222 | 0.44 
Hiwassee ______ 1) Sede 28 19 | $74,726.06 | 3;933 0.93 
France. (British Waterways | 
Com’n.)* | | 
| | 
: | {$13,445,000 | 
Rhone (Lyons to Sea) Si 4.1 205 / (about) ee: $65 , 000 | 2.5 
Germany. (British Water- | 
ways Com’n.)* 
Rhineies percaahy fee : Br 214 $13,182,000 | $61,000 1.14 
TW Wiesers(aeaetriouth ieee | 5 eae L210 | 2,316,500 11,050 erat 
Elbex(near mouth). soaeuenes jo go aos |{ 252 | 10,239,500 40,650 0.98 
Oder (near mouth) __ _____- |. 58.74.3387 b> 6,148000+) salene 50 mee 
Worthels tied oe eee Porte ae 2,509,000 11,675 0.81 
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Prégel zie Beis ce ee ee (2). 23 eee 78 599 000) = 7; (00g a= 
Memel Gif. 05: 29h aes ee 5.25—6.6| 69] 2,902,500 42,100 0.48 
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From the foregoing tables it is seen that canalization is usually 
much more expensive to install than regulation, and if we add to 
its first cost the amount which represents the capitalized main- 
tenance charges, the disparity will really be greater. But it is 
much less limited in its application than regulation, affords greater 
facilities for navigation, and is indispensable in certain eases. Its 
range of usefulness practically commences where that of open river 
work ends, leaving a comparatively small debatable ground be- 
tween. 

But with lateral canals the case is somewhat different. By 
means of a lateral canal with one or more locks, the obstruction 
in the river at any particular locality may often be obviated, and 
some years ago this method of river improvement was widely ad- 
voeated. Brindley, an English canal engineer, is said to have 
stated that ‘‘rivers were created for the purpose of feeding 
canals,’’ and apparently acted on this belief. 

Lateral canals are expensive to build and maintain, frequently 
cause undue delay to vessels in passing each other or in grounding, 
are easily blockaded through accident, and require constant ex- 
pensive attention. They form pools of still water where sediment 
collects, requiring constant dredging. At Des Moines Canal on 
the Mississippi River there had been removed from the canal be- 
tween 1878 and 1906, 2,181,743 cubic yards of sediment, a volume 
larger than the original excavation. 

At Cascades Canal, Columbia River, periodical dredging is 
necessary to keep the upper and lower entrances clear, and at the 
Musele Shoals Canal, Tennessee River, one dredge is kept con- 
stantly busy through a large part of the year removing sediment 
brought in by the drainage of side creeks and the inflow at the 
head during times when the river carries silt. Since opening the 
eanal (1892) over 1,300,000 cubic yards have been removed. 

The costs of various lateral canals in this country and abroad 
are given in the following table. 
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- The high first cost and later charges for maintenance make this 
method of improvement such a costly one that it would probably 
to-day be often supplanted by canalization. High speed can not 
be allowed in canals owing to the wash caused along the banks, but 
in canalized rivers no such limiting condition exists. Col. Wm. E. 
Merrill, Corps of Engineers, an eminent river engineer, stated 
in 1887, while commenting on the Muskingum River, as follows: 

‘The greatest obstruction to successful navigation on the Musk- 
ingum is caused by the lateral canals; they are expensive to keep 
up on account of the guard gates, the numerous drawbridges, and 
the necessity of periodical dredging. Even when in perfect con- 
dition they must be navigated slowly, and it is with difficulty that 
boats can pass each other.’’ 

At Colbert Shoals on the Tennessee River the lateral canal now 
nearly completed provides a lift of 26 feet, which is overcome by 
a single lock. Before undertaking its construction it was several 
times proposed to build one or more dams across the river and 
eanalize these shoals, but the possible use of the river at high 
stages, when fixed dams might interfere with boats, decided the en- 
gineers to adhere to their first selection of a lateral canal. 

At the Des Moines Canal a project is now on foot to build a 
power dam in the Mississippi which will ‘‘drown out’’ the present 
eanal. Locks will be used in passing vessels from one pool to the 
other, but the old canal will have to be abandoned should this plan 
be put into execution. 

Similar plans for the Muscle Shoals Canal on the Tennessee 
River have been proposed, but no satisfactory agreement has ever 
been made between the power corporation having the work in view 
and the government as to the proportionate share each should pay 
toward the project. As a consequence, nothing has yet been ac- 
complished. 

These instances are mentioned to show that the conditions affect- 
ing the selection of this type of work are changing and to-day 
lateral canals would probably not be selected in some of these 
instances. 

In general applicability canalization is easily first among meth- 
ods and is now being used more than all the others combined. But 
little new work of regulation is being undertaken anywhere and 
no new lateral canals are now being commenced in this country. 
Except the Rhone and Loire, nearly all the improved rivers of 
France are canalized, about 970 miles in all; and in Germany, 
where there are nearly five times as many miles of open as canal- 
ized rivers and regulation finds its warmest advocates, but little 
new regulation work of importance has been done since 1875. In 
Belgium there are four times as many miles of canalized rivers as 
open rivers. (Royal Commission, Waterways and Canals.— 
Lindley. ) 

A fair conclusion is that the present tendency is toward the se- 
lection of canalization whenever a new system is to be chosen, par- 
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ticularly if the examination of the natural and economic eondi- 
tions shows regulation to be inapplicable. It also seems that lat- 
eral canals are not now being regarded favorably unless the local 
conditions unequivocally indicate the necessity of their adoption. 

The theory of the use of reservoirs as an exclusive mode of im- 
proving rivers for navigation is an old one practically aband- 
oned now in this country by river engineers but revived from time 
to time by its advocates and sometimes made the subject of an 
academic discussion of considerable seriousness. At first glance 
the theory is very engaging, but experience in its application has 
been in the main unsatisfactory and its applicability depends on 
many assumptions which are themselves of doubtful tenability. 

The possibility of conserving the high water flow of rivers, thus 
reducing injurious floods and later using the stored supply during 
the low stages for the benefit of navigation, is fascinating alike 
to layman and theorist and offers a wide field for speculation. 
But the attempt at practical application usually introduces vir- 
tually insurmountable difficulties. 

The theory takes it for granted that sites for reservoirs, ample 
in number and capacity, can be obtained without greater injury to 
railroads, factories, towns, and valuable private possessions than 
the benefits to be obtained for the public; that enough high dams 
ean be safely built at reasonable cost free from danger of a 
breach, operated intelligently and efficiently in order to create 
the necessary storage space for regulating the discharge. It as- 
sumes further that these reservoirs are not likely to be soon filled 
with sult but are practically of permanent usefulness. It assumes 
that increased discharge in the rivers means increased depths, and 
that precipitation may be foretold with sufficient accuracy to per- 
mit suecessful regulation. All of these assumptions are more or 
less debatable and some of them are plainly of doubtful rehability. 

The reservoir theory has never been practically applied on a 
large scale as an aid to navigation except in two eases, and the 
results there have not been encouraging. It was early adopted on 
the headwaters of the Msta and Volga rivers in Russia, where 
its use was the outgrowth of very favorable natural conditions. 
These rivers, flowing in opposite directions, take their source in 
a lake and swamp region at an elevation of 665 feet above sea 
level where land was cheap and unfit for agriculture. Here the 
construction of low, cheap dams was an easy task, resulting in 
increasing the reservoir effect very greatly without the necessity 
of obtaining new storage sites or going to much expense for dams 
and regulating works. A natural reservoir system was in fact 
already in operation, needing only a little artificial regulation. 
The capacity of this system is 35,000 million cubie feet with dams 
only 17.5 feet high. (Reservoir sites in Wyoming and Colorado.— 
Chittenden.) It is usually considered a fairly efficient work in 
lengthening the season of navigability of the two streams. 

The same favorable natural conditions were found on the upper 
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Mississippi River and similar reservoirs were built by the govern- 
ment for improving navigation in the 70’s. By constructing low 
dams across the outlet of an extensive lake area, a storage of 
93,400 million cubic feet was accomplished at a total cost of only 
$678,300. (Reservoir sites in Wyoming and Colorado.—Chitten- 
den. ) 

Although the Russian reservoir system was in a measure sue- 
cessful, the effect of these reservoirs upon the Mississippi River at 
St. Paul, 357 miles below the dams, was shght, being from 12 to 
14 inches on an average, and 51 miles further down all trace of 
it disappeared altogether. But the dams were so beneficial for 
the production of power that when their abandonment by the 
government was being considered some years later such a course 
was vigorously opposed by the milling companies and other similar 
interests benefited, although they contributed practically nothing 
toward the expense of the work. 

The system has never been extended in the United States, al- 
though often studied. The shght assistance to navigation and the 
high comparative cost of construction and maintenance were rea- 
sons given for not applying this method of improvement to the 
St. Croix, Chippewa, and Wisconsin rivers, which were examined 
several times a few years later by engineer boards. (Annual Re- 
port, Chief of Engineers, 1887, page 1692.) 

It is stated that early in the last century the plan was adopted 
to some extent in France for the control of floods, and in 1856, 
after a flood of unusual destructiveness, it was thoroughly studied, 
more particularly with reference to its applicability to the Rhone, 
Seine, Garonne, and Loire. As a result of this investigation, it 
was decided not to construct the reservoirs proposed for these 
streams, owing to the ‘‘uncertainty and doubtful efficacy of their 
action.’’ In 1881 this system was definitely abandoned by the 
Corps des Ponts et Chaussées, and its use for the control of rivers 
condemned in France. (Annales des Ponts et Chaussées, 6 sem., 
VolaJ&E61881:) 

The plan was proposed for the improvement of the Ohio in 1875 
but was not favorably considered after careful investigation. The 
board in whose hands this investigation was placed stated that 
‘“The first of these plans (viz, storage reservoirs) the board deems 
impracticable on account of the difficulty, 1f not impossibility, of 
finding locations for the necessary reservoirs, the immense cost of 
the system, its interference with nvigation of the tributaries on 
which the dams are located, its injury to agricultural, mining, and 
railroad interests in the valleys of these rivers, the difficulty of 
regulating the supply from the reservoirs, and the terrible effects 
that could be caused by accidents.’’ (Annual Report, Chief of 
Engineers, 1873, p. 541.) 

In 1909, the plan was again suggested to a board of engineers 
having in their charge the project for the improvement of the Mis- 
sissippi River, and again the plan was abandoned for lack of suffi- 
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cient reservoir sites, high cost, and uncertainty of action. The 
board stated in its report that ‘‘In order to use this reservoir sys- 
tem for the benefit of the improvement of the river below St. Louis 
it would be necessary to commence the discharge at the reservoirs 
at least two months before it was needed at St. Louis, and a still 
ereater interim would be necessary for the benefit of the mprove- 
ment of the river below Cairo. Experience does not justify sueh 
long forecasts, and the service of the reservoirs would necessarily 
have to be based on general annual averages, an unreliable and 
unsatisfactory basis.’’ The board also stated that ‘“There is no 
instance on record where this system has been applied with benefit 
commensurate with the expense.’’ (House Ex. Doe. 50, 61st Con- 
oress, Ist session, p. 17.) 

More recently, while a project for the improvement of the Ohio 
River was being considered by a board of river engineers, a reser- 
voir plan was brought forward by some officials of the U. 3S. 
Geological Survey who urged its adoption. Their preliminary 
estimate of cost of the reservoir project was given at $125,219,000 
(Engineering News, May 7, 1908), which was later admitted to be 
much too small. It was found on more detailed examination that 
the cost would likely be nearer ten times this amount. (Hngi- 
neering News, Oct. 8, 1908.) The enormous cost of the reservoir 
plan and the uncertainty as to its successful operation, combined 
with its unsuitability to the topography of the Ohio River valley, 
were reasons for its rejection and for the selection of the cheaper 
and more certain method of improvement by canalization, using 
movable dams. The estimated cost of the adopted plan for 9-foot 
depth by locks and movable dams is about 6334 million dollars. 

The general impression among river engineers in America seems 
to be that storage dams for the benefit of navigation alone will 
never be warranted. Similar dams have been constructed in many 
places for industrial purposes, such as power development and 1ir- 
rigation ; but these purposes are not always in harmony with chan- 
nel improvement, and the incidental benefits likely to be received 
on navigable streams from dams built for several combined pur- 
poses can not always be determined in advance nor their value 
accurately estimated. 

If an added flow at low water be furnished from such dams, the 
valuable scouring effect of low water may not be obtained without 
a supplemental series of contraction works at further additional 
cost, and the increased discharge may not mean increased depths 
on many sediment bearing streams. For example, on the Missis- 
sipp1 where much material is rolled along the bottom, bars often 
rise and fall with gauge heights, the low water being largely relied 
on to restore the channels in such eases. 

Then, too, the location of the dams on the tributaries would 
usually be such as to intercept much of the flow of silt in suspen- 
sion in the portion of the stream where the scour is greatest. In no 
other way could the water be clarified. This clarification is an 
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assumed advantage of the reservoir system that has often been 
mentioned. 

There is no known way of safely and easily removing silt from 
behind storage dams, more particularly if it is expected to do so 
without much injury to the river channels below. A constant 
diminution in storage capacity would be one of the inevitable 
results of the system, or an injurious deposit in the lower channels 
it is intended to benefit. 

Notwithstanding these disadvantages there may occur special 
cases where some incidental benefit may be derived, but experience 
seems to point out that such benefit will hardly ever be sufficient 
to very strongly influence the location of any storage dams or 
warrant any considerable portion of the cost being borne by the 
navigation interests. 

As a summary of this discussion, the following conclusions are 
brietly stated : 

1. Regulation in some suitable combination with channel exca- 
vation should always be first studied as a method of river improve- 
ment and adopted in all cases where economically applicable. 
It will be oftenest used wherever the funds available are small in 
amount, the increase of depth needed not great, the river flow com- 
paratively large, the banks low and the width of the river consider- 
able, velocities low and regimen more or less fixed. 

2. Canalization with movable or fixed dams will be adopted 
wherever regulation with channel excavation is insufficient or un- 
suitable. It will usually be applied where the slope is steep, dis- 
charge small, and depths obtainable by regulation insufficient. 

3. Lateral canals should never be selected for use unless impera- 
tively demanded by the local conditions. 

4. Reservoirs are too uncertain, too unsafe, and too expensive for 
exclusive use in river improvement. They will seldom be relied 
on, except in special cases in connection with other enterprises 
where their use for industrial purposes warrants the cost and the 
water flow can be sufficiently controlled to operate beneficially on 
the channels. 


Che Fifth Arm 


A great deal is being written at the present time about the value 
of air craft in future wars. The enthusiasts are inclined to claim 
that man’s ability to navigate the air will completely revolutionize 
warfare. The sober student, however, of military history and 
military operations in general does not agree to this. Neverthe- 
less, air craft (aeroplanes and dirigible balloons) are going to 
exercise a very important influence in all future wars between 
civilized nations. The following extracts from two different peri- 
odicals furnish food for thought for the engineer, the artillery- 
man, the cavalryman, and the infantryman: 


THE HIGHWAY OF THE AIR AND ITS MILITARY ENGINEERING PROBLEMS* 
7 zi * ; 

To the military engineer dealing with fortifications (earthworks 
and obstacles), communications (roads and bridges), and with 
mines and demolitions, the flying machine particularly beckons, 
as the change of conditions will mean to him a reconsideration of 
present methods and ideas. 


The New Material. 


The flying machines of the present day are either gas supported 
(dirigibles) or heavier than air (aeroplanes). The former are 
either ‘‘rigid’’ (having internal solid skeleton) lke the Mayfly 
and the Zeppelin, or ‘‘non rigid,’’ like the Parseval, Gross, and 
other military balloons. 

The rigid dirigible has a speed of 30 miles per hour, with a range 
of 1,000 miles, carrying fifteen passengers without descending ; 
though this was under most favorable weather conditions and not 
to be expected during hostilities. 

It is unreliable in windy weather, and the fact of so many being 
storm destroyed proves it must be protected by a kennel; and, 
furthermore, the difficulty of emerging or entering its house during 
wind necessitates that the kennel be turntable, either mechanically 


*By Lieut. G. A. Taylor, Australian Intelligence Corps, New South Wales. 
Extracts taken from the Commonwealth Military Journal, Melbourne, Aus- 
tralia, for March, 1912. 
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or by placing the same on water; hence it must always act from a 
base. The ‘‘non rigid,’’ however, ean be deflated, it is thus more 
transportable; and where railways are available its gas plant can 
be brought near the arena of operations. 

But the value of a military weapon depends on its being utilized 
under all conditions in which an enemy can operate, and in this 
respect the aeroplane comes nearer the military ideal. It can 
travel horizontally twice as fast and rise three times as quickly as 
the dirigible ; a vital factor in aerial tactics; and certain types can 
be flown in ards up to 40 miles an hour. 


™ Ms Me Mo ae 
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How Ae ‘al Tactics will Affect Military Engineering. 


The military engineer, in considering aerial tacties, will find for 
reconnaissance purposes the aeroplane provides a new field of ob- 
servation. It has advantage over mounted patrols, inasmuch as 
it covers country at a greater speed; but it has the disadvantage 
of breaking the great commandment of true reconnaissance, that 
is, ‘“‘See without being seen.’’ 

The aeroplane, I noted, during the recent flight at Liverpool 
Military Camp, could be observed 5 miles off, though the camp 
must have been visible to it from a farther distance. From a height 
of a thousand feet, a distance of 33 miles can be seen; but for accu- 
rate reconnaissance, and no other is worth considering, closer ap- 
proach must be made; hence reconnaissance information from an 
aeroplane, to be of any value, must be instantly transmitted. 

If the aeroplane has to return and maneuver to safety, land, and 
deliver the message, the enemy would have time to change its forma- 
tion, and in that respect new problems in strategy will engage 
military engineers; and Stonewall Jackson’s advice to ‘‘always 
mystify and mislead the enemy’’ will take a wider meaning. 

Trap formations will be made on even grander scales than 
Napoleon’s formation trap at Austerltz. It is well known, yet its 
repetition 1s worth while. 

He took up a position behind cover with his left flank touching 
the northern of two ranges, and a great gap between his right and 
the southern range. Through this gap it would seem easy to pene- 
trate and so turn his right flank and cut his communications. His 
enemies fell into the trap. Napoleon attacked their right wing to 
let the left get well away on its great outflanking movement, he 
then threw 30,000 men at their w eakened center, seized their strong 
tactical point, cut the army in two, and smashed nearly half of it. 

The military engineer will have to be prepared for many such 
schemes of deception and surprise. 

In the first battle of wits in aeroplane military tactics, the ground 
engineer won out over his aerial brother. By painted tree trunks 
and dummy earthworks, the reconnoitering aeroplanes in German 
maneuvers (1909) were hoodwinked, returned to their base with 
misleading information, their army falling into the trap. 
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By the most mobile of the forces will the information be turned 
to best account, so to the advanced mounted troops will the recon- 
noitering aeroplanes be allotted. The aeroplanes, however, can 
not give the best indication of tactical strength—an aeroplane ob- 
server, for instance, can not say if a house 1s occupied, henee nega- 
tive information from the air is unreliable. A forest may screen 
an army, yet a body of hght horse could go through that forest like 
a rake. 

The aeroplane will precede the advanced patrols, giving the most 
advaneed strategical information, yet it must be remembered that 
aerial observation from a height is at times misleading. As one 
rises from the ground, the horizon rises also, the ground below 
sinking, the country forming, as it were, a cup, hills first appear 
levelled, and then are almost unobserved except in sunlight, being 
then distinguished by their shadows. Aerial reconnaissance from 
a height practically only gives horizontal plan—vertical elevation 
must be obtained by low flying or by mounted troops. 

Reconnaissance from a height is at times misleading. Take, for 
instance, a view from the top of a monastery at Kensington, 250 
feet high, looking towards an enemy occupying a ridge between 
Long Bay Penitentiary and Botany Bay. 

The foreground from that height corresponds to the view of an 
aeroplane observer a mile off at a vertical height of 1,000 feet, the 
ground appears fairly flat, without any cover worth considering, 
and any kind of a frontal attack seems absurd. <A close ground 
study, however, reveals a deep gully running well up towards the 
position, and offering splendid cover for infantry, with oppor- 
tunity for a frontal attack in extended order through the serub, 
whilst the enemy’s flanks could be kept active. 

The aerial engineer, for reconnaissance, will have to fly low and 
take risks. 

In naval tactics, the aeroplane will precede the destroyers, lo- 
eating the enemy’s submarines, and acting as advanced aerial pa- 
trols. 

Aerial Attack. 


In attack from the air, the military engineer will have to consider 
possibilities of aerial bombardment. Both dirigibles and aeroplanes 
can be utilized for aerial attack—bombardment from dirigibles be- 
ing the more accurate and having greater effect, for, being station- 
ary, there is best chance of accuracy, and heavier bombs may be 
carried; but with an aeroplane, given the height by aneroid, speed 
by anemometer and horizontal distance, accuracy of hits 1s but a 
simple matter of the parallelogram of forces, and a target can be 
quickly picked up by running fire from a bomb dropper (quickly 
worked by foot pressure) like an aerial machine gun. 


we 
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The value of sudden aerial attack is very great. Surprise has 
been the greatest factor in almost all the grand strategical combi- 
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nations of military history. The first and last thought of every 
great general is to strike where he is least expected, and it is 
through such possible surprises that the engineer in the past, with 
his field defences, has nursed the fighting spirit of the soldier, and 
kept at a distance that spirit of demoralization that stalks every 
army, that spirit that watches every opportunity to wreck the moral 
force of the fighter, for more armies have been routed by moral 
effect than by shot and steel. 

It was the moral effect of Jackson’s counterstroke that won the 
battle of Bull Run: ‘“‘Reserve your fire till they come within 50 
yards, then fire and give them the bayonet, and when you charge 
yell like furies,’’ and that yell rang in the ears of 12,000 Federals 
and chased them to Washington. 

It was the moral effect of Napoleon’s tactics that won the Battle 
of Ulm, when 23,000 surrendered without firing a shot, when Na- 
poleon said: ‘‘My army ean fight with its legs.’’ 

Consider the moral effect of a screaming aeroplane shooting into 
and scattering the ranks of an army, marking its track with ex- 
plosives. Consider the effect the possession of swiftly moving air- 
ships will have upon an army not so armed, who would watch with 
fear each hovering cloud to see if it screened the aerial terror that 
was smashing them with smokeless noiseless guns ! 

It will be to counteract in some degree the moral effect of aerial 
attack that the engineer will have some problems to solve. 


Aerial Defence. 


Aerial defence may be summed up in excess of speed—horizontal 
and vertical, and the use of smoke, cloud, fog or mist cover. Or- 
ganization must be perfect; and aerial engineers, pilots, observers, 
and mechanics must be well trained in the use and possibilities of 
all arms. 

Ground Attack. 


The attack from the ground will take the form of high.angle fire, 
and in this respect the engineer will consider the best means of 
assisting field guns to rapidly allow for swift aerial movements, by 
devising special elevating carriages. The elevation of present 
mountain guns is but 15 to 30 degrees, howitzers, 45 degrees, and 
the new Krupp gun 70 degrees. 


we aI A 
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High explosive shells will have a very marked effect exploding 
in the locality of an aeroplane. The air concussion of gun fire is 
sufficient, as is known, to break windows in the vicinity, the con- 
cussion effect of the shell will, therefore, be much greater in the 
air as there is no ground friction, and it will be in the study of the 
concussion effects of certain explosives that the engineer will have 
some problems to consider. 

In this respect an interesting accident happened recently during 
the maneuvers on the Mexican frontier. Simon went out to locate 
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three batteries of artillery. He discovered two and flew over the 
third without locating it. As the artillery had orders to fire blank 
cartridges at any machine within range, they let go at Simon, who 
was flying at height of 800 feet. The air concussion almost upset 
him. Here was an instance of an ordinary field battery blank 
fire having an effective range of 1,600 feet diameter. 


In attack from the ground, much ammunition will be wasted, 
hence the engineer will facilitate mechanical arrangements for 
speedy supply. In late wars it has been estimated that 1,000 
to 3,400 cartridges and 80 to 100 shrapnel shells have been expended 
for every man put out of action. The aerial attacker justifies still 
ereater expenditure. It has, therefore, been allowed that 8,000 
cartridges are justified for an aeroplane with one observer. There- 
fore, if one company can fire 1,500 rounds per minute, success in 
ground attack of aeroplanes will depend on the expenditure of 
much ammunition, and with several companies maintaining requi- 
site rate of fire; sights of rifles and machine guns being altered to 
allow of aerial elevation and deflection. 

Automobile guns are now in use; but having to keep to the roads 
are under a disadvantage in following aerial movements (see illus- 
tration), particularly as aerial attackers may seek cover in clouds, 
and under the best conditions, remain but a short while in range, 
and then suddenly change their direction on apprehending danger. 
And it is in this superiority of direction over roads and such 
present lines of communication that the aeroplane has the advant- 
age. Take a road in the stress of war. It is the lfe line of the 
army, it holds it to its supplies, and along its well-tramped length 
rush the cheering reserves to replace losses—the food transports, 
the ammunition carts, hospital supplies, all rush ahead in a cheer- 
ing, wildly excited line; but coming back there crawls another lne 
of wounded soldiers, dejected prisoners, empty wagons—two op- 
posite moving lines struggle along, hedged by the sides of that road; 
each has to make its way unimpeded or the army suffers. The 
protection of that road has been the main coneern of the campaign ; 
eut it ahead and the army is checked; cut it at the rear and the re- 
sult may be more disastrous. The fate of a nation may depend 
on the break of such a line of communication. Napoleon made 
good roads his first necessity. In fact, till to-day ‘‘the road’’ has 
been the fulerum upon which the fates of armies have been bal- 
anced. Yes, till to-day, for the aeroplane knows no road, and so 
will be difficult to follow up in ground attack. 

It, however, must alight to replenish its store of petrol and oil, 
and when down, it will be like a tortoise on its back. 

The alhghting base, therefore, will give its position away, and it 
will be rushed by the mounted troops, and petrol stores located. 
The military engineer will, therefore, devise overhead and _ hori- 
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zontal cover for stores, and see that they are not concentrated, but 
well scattered—before they are scattered by an aerial visitor. 


Ground Defence. 

It is in defence from aerial attack that the military engineer will 
find some of his greatest problems. 

The first principle is that field defences be so constructed as to 
conform with the tactical plan of operations, and as the tactical 
plan of operations of aerial attack means sudden surprises, quick 
arrangements for overhead screen and cover must be considered. 


A UY PICAT: ROAD INC THE ATR AGE. 


(the excellent overhead screen will be noted.) 
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Fig. 1 (top); fig. 2 (bottom). 


Hitherto the weapons reckoned with in devising works of defence 
have been rifles, machine, and quick-firing guns, heavy artillery 
and howitzers. 

Looking through development of modern weapons, we find field 
defences have been gradually getting more unsafe. 

Of rifles, the slope of descent is 1 in 21% at 2,800 yards. The 
greatest slope of shrapnel is 1 in 4 at 4,500 yards. The greatest 
slope of howitzers is 1 in 1 until with aerial bombardment we 
reach the vertical * * * 

I have heard military officers say that the dropping of explosives 
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from aerial machines can be prohibited by a Peace Conference; 
but the Hague Conference, 1907, refused to continue such pro- 
hibition, as it was felt that as aerial vessels would be used for 
reconnaissance, it would be unfair to deprive them of means of re- 
taliation if attacked. Even if future rules of war prohibited 
dropping bombs, they could be fired down from guns of small ecarry- 
ing power. | 

Bombardment, however, is a wasteful method of getting results. 
The bombardment of Paris, though it practically used up all the 
German ammunition, only killed 96 people, and in an aeroplane 
ammunition is particularly limited, but the speed of the latter can 
enable it to quickly replenish. 

The military engineer will, therefore, seize every opportunity , 
devise overhead screening and defensive cover, and no better screen 
will come to his hand than that devised by Nature since the be- 
ginning of things—trees. 


The advantage of trees as natural overhead screen was shown 
at Liverpool, where the Bristol machine flew over the bush unknown 
to the Light Horse squadrons maneuvering beneath. 

Active steps will be taken to screen our roads with wide-spread- 
ing shade trees, and the military engineer, in times of peace, will be 
engaged in planting avenues of great and beautiful roadside shade 
trees, and be blessed by those who come after for bringing the lungs 
back to the earth again. 

It will be remembered that during the Japanese War, Kuroki, 
under cover of night, transplanted a fir forest along the side of the 
road to Wiju, so that his army passed unobserved to the Russians 
on the hills beyond, an excellent example of tree screening from 
horizontal vision; but the roads of the future will be screened also 
from vertical observation. (See illustration. ) 

From the aerial attacker new cover will be devised, and the 
Japanese painted screens of the late war may yet be wisely imi- 
tated. 

Infantry will study shadow throwing. In bright sunlight the 
shadow of a pole will screen a few, and the shaded side of a gutter 
will screen many. 

Lying down shadows will be studied, lying in the direction of 
light giving least shadow, and so less chance of observation from 
the air. 

Some experiments I tried in this respect from the Randwick 
wireless tower, though only 230 feet high, were really surprising. 

Open country will, as far as possible, be avoided by mounted 
troops, except in the widest of extended order. 

Speed and movement, like modern life, will quicken up warfare. 

In bridge building rapidity will be the main point, and the type 
of bridge built over George’s River during the recent maneuvers, 
will have a special value, being quickly constructed, having less 
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chance of being hit, and suiting troops in extended order. (See 
illustration. ) 
The Lessons of the Air Age. 

Time will more than ever be everything. It will be annihilated 
with wireless telegraphy. Aeroplanes and advanced patrols. will 
earry portable sets for quick transmission of messages and sketches. 
We shall see the last of those maneuvers with the flanks out of touch 
with their center, because visual signals had failed. Wireless will 





Fig. 3. An air age bridge. 


operate either in flat or bushy country where visual signalling’ is 
almost impossible, and during cloud, fog, or storm, when the helio 
is out of action. 


we 
iss 


The coming age will be the age of initiative. The history of war- 
fare has shown how initiative has extended through the forces. 
Time was when armies marched to war, each man a trustful unit 
doing only what he is told to do, and unable to do anything he had 
not been told—into war he has gone a pitiful fighting animal trust- 
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ing the initiative of his commander like the two mules of Frederick 
of Germany. 

‘*See those two mules,’’ he said, ‘“‘they have been through twenty 
campaigns, and-——they’re still mules.”’ 

Henderson points out that the initiative of German subordinate 
officers was the real cause of the swift destruction of the French 
army and the secret of German strength. 

In the war of the future, this initiative will still further spread ; 
in fact, every soldier will carry his entrenching tool. 
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War will become the world’s greatest science, and victory will 
remain with the nation best trained. The fighters of the future 
will not come from our football or cricket fields. The future 
Wellington will tell a different story than that of Eton playing 
fields. 

The battles of the future will be fought in our universities and 
engineering colleges, and the nation best educated in that respect 
will win out in war as well as in peace. 

To-day the soldier in almost every nation is the plaything of 
politics. His necessities are regulated by political exigencies. De- 
fence estimates are butchered to build up financial statements. 

The average layman is ever ready to put his opinion against that 
of the military expert. 

The world denies to the highly trained military officer that 
specialism it readily recognizes in doctors and other scientific men; 
but in the coming age the public, in its utter helplessness against 
the aerial terror, will grimly recognize the importanee of the mili- 
tary expert, and honor him accordingly. 


MILITARY AIRCRAFT.” 


Flights to be Expected on Service. 


There are very few cases of accidents due entirely to the wind, 
and a well-designed, strongly-built machine has probably very little 
to fear from the wind so long as it has room in which to recover. 
Starting and landing are the dangerous periods. There is, however, 
the physical fatigue of the pilot to be considered; some machines 
are heavy on hand, and I have seen pilots utterly exhausted after 
half-an-hour’s fight with the wind. Cold is another factor; no 
amount of clothing seems to keep one warm on some days, and a 
pilot has very little control over a machine once he gets really 
numbed. 


“Extracts from a lecture given at the Staff College, October 26, 1912, by 
Maj. H. R. M. Brooke-Popham, Oxfordshire Light Infantry, Royal Flying 
Corps. Reprinted from The Army Review, London, January, 1913. 
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Dual control is now fitted to many aeroplanes, but nearly all 
pilots disconnect it before they do any flying. One will want to 
have great confidence in the other pilot before trusting oneself in 
the air in a dual-control machine. 

During the first week of Cavalry Divisional Training this sum- 
mer, the conditions were as bad as they were on any other week 
during the year, but there was no day on which one of our three 
machines did not cover a distance of at least 40 miles, and, of 
course, we should take far greater risks on service. But aircraft 
may have too choose their time of day, and we have not yet arrived 
at the stage of being able to order out a machine as one would a 
eavalry patrol. Also pilots can not fly continuously even under 
good weather conditions, and it is unsafe to count on a pilot flying 
more than ten hours out of three days. 

Then we shall be lucky if we ever have more than half our ma- 
chines in action at any one time on service, and even to do this we 
shall want a large number of spare parts and reserve machines. The 
French, I believe, intend to keep for every six aeroplanes at the 
front, two complete machines and three more without engines, in- 
struments, or petrol tanks, the idea being to take these out of dam- 
aged machines. We must be careful to avoid drawing false con- 
clusions from maneuvers; when an aeroplane comes down, then, 
inside the enemy’s lines during a field day, all the pilot has to do 
is to telegraph to the field base; a car with mechanics and spare 
parts is sent out, and the aeroplane is flown back in the evening 
ready to go out the next day. But we can not do this in war; if 
anything goes wrong then, the pilot and observer will spend the 
next day en route for a prisoner’s concentration camp. 

An Italian officer, who has been flying in Tripoli, was quite cer- 
tain that no man could go on flying in war for more than three 
months at a time; and they had no hostile aircraft to contend with. 

Judging by our experiences this year, the utility of aircraft in 
war is more likely to be limited by difficulties of observation owing 
to mist and low clouds than by inability to go up owing to the wind. 
It is as well to remember, however, that England is noted for fog, 
and so we are likely to find aircraft of even more value on the 
Continent than at home. On a clear day it is quite easy to carry 
out observation at a height of 3,000 to 4,000 feet, and this is better 
than lower down, because objects can be kept in view for a long 
time and so it will be easier to identify the exact positions of troops 
on the map. In misty weather, however, or when the clouds are 
low, we should have to come down and take our chance of being 
hit by fire from the ground. 

At 3,000 feet on a clear day individual carts can be seen and 
horsed vehicles distinguished from motors. Individual squadrons 
and companies marching along a wide road can be seen 2 or 3 miles 
off, but troops on narrow roads with high hedges may escape obser- 
vation. Artillery can be distinguished from transport by the 
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number of horses, and, as a rule, the gun itself can be seen. Biy- 
ouaes are very easy to see, especially if shelters of waterproof sheets 
are put up, and individual companies in bivouae can be found 
without difficulty. If a bivouac is disposed neatly, with nice 
regular intervals, it is a simple matter to count the number of units. 
Empty bivouaes can be recognized if the fires are left burning. 
Troops in billets are hard to find so long as the men stop inside the 
houses, but individual squadrons can be seen forming up in villages. 
Detrainments can be seen. 


Avoiding Observation from Aircraft. 


To keep hidden from aircraft I suggest making use of low-lying 
roads, and taking advantage of the morning and evening mist. 
When halted, troops should get inside woods or houses, or close up 
against the hedges of the roads. If time is of less importance than 
concealment, it might be possible to have special men with whistles 
on the look-out for aircraft, and for everyone to halt and make for 
the nearest cover as soon as a danger signal was blown, but guns 
and transport will be a difficulty. 

If forced to halt in open fields, all regular formation should be 
avoided and the field chosen so as to correspond with the color of 
the uniform. I do not think marching by night can be kept up for 
many days in succession owing to the fatigue caused to men and 
horses, nor does it seem practical to hide in a forest waiting for a 
storm. 

Tricks may be practised on aerial observers, such as marching 
at large intervals so as to greatly exaggerate the length of a 
column, painting wagon covers and putting on an extra pair of 
horses to make transport look hke guns, marching along one fork 
of a road for a little way in the evening and turning back along 
the other fork after dusk. 


Dirigibles. 

I should like to say a word here about dimgibles, because we in 
this country are rather inclined to under-rate their value. 

Observation from them is much easier than from aeroplanes; 
they can hover over any spot and can drop bombs with considerable 
accuracy. Athough they do not travel as fast as aeroplanes, they 
can carry a long range wireless equipment and so get their informa- 
tion back quicker. Their radius of action is much greater than 
that of aeroplanes, and, provided they can get out of their sheds, 
they can go up in as bad or worse weather. 

On the first day of our maneuvers this year the Gamma was out 
on a four-hour reconnaissance at a height of over 4,000 feet, and 
was 1n wireless communication with headquarters the whole time, 
every message being received correctly. Airships may also be of 
great value by night, when they seem very hard to spot. Last 
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autumn, for instance, a French dirigible, L’Adjutant Reau, sailed 
over Verdun by night, and though the garrison of the fortress were 
on the look-out for her and had searchlights going, they failed to 
discover her till she had got out of range. 

The latest German airships, which are about four times as lone 
as our Gamma, can remain in the air for 2% days, rise to 6,000 
feet in 5 minutes or less, have a speed of 50 miles an hour, and can 
carry enough fuel to travel 1,500 miles at a reduced speed. They 
could substitute explosives for some of the petrol and oil, and drop 
at least 600 pounds of this at a time without upsetting thei sta- 
bility. Experiments have been tried with several different kinds 
of bombs, incendiary and otherwise, including some called by the 
expressive name of ‘“‘stinkbomben.’’ They earry wireless with a 
range of 250 miles, have two machine guns in the car, and an ob- 
server with another machine gun on the top of the envelope. I am 
afraid that such a vessel would not be so much at the merey of an 
aeroplane as we are inclined to think. Germany has five of these 
under construction for her navy, and I believe two for the army. 
She also possesses ten of a slightly smaller size. France has just 
given orders for four vessels of much the same type. 

I may add that Germany now possesses about 120 aeroplanes, all 
of them made in the country, except a few experimental ones. She 
will have nothing to do with French engines, but relies partly upon 
Austrian firms and chiefly on her own. The observers are syste- 
matically trained both in observation and in mechanics. Although 
Germany has produced no great flier, the average of skill is prob- 
ably as good as that of the pilots who were flying on our maneuvers 
this year. The subscription fund in aid of German aviation now 
amounts to £300,000, that of France being about £120,000. 


. 


Aeroplanes in War. 


It is doubtful if aeroplanes have much to fear from rifle fire if at 
a height of 3,500 feet, and if a chance bullet does hit a machine it 
will not necessarily disable it. An Italian officer in Tripoli had his 
machine hit on seven different occasions while at a height of 2,000 
to 2,500 feet, but it was never disabled. Bullets, curiously enough, 
seem to have but little effect on a propeller. 

Several types of anti-aircraft guns have been made. Germany 
has some mounted in motor cars, which ean be elevated to 72 de- 
erees and have a range of 10,000 yards horizontally and 6,500 yards 
vertically. The shell leaves a smoke trail. 

Whether fire from the ground is effective or not, it 1s imcon- 
ceivable that the army which has the better pilots and more numer- 
ous machines will rest content with a mere exchange of information 
and not make serious attempts to destroy the hostile aircraft with 
their own. Fighting in the air will undoubtedly take place, in all 
probability with firearms. Ramming seems almost too drastic a 
method of procedure, and although one aeroplane may upset 
another by the backwash from its propeller, it will probably not 
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get to sufficiently close quarters if the other machine carries a 
man with a gun. There are several types of aeroplane already in 
which the observer could use a rifle or automatic pistol. 

Me % x % 4K ae 

* * * Suppose the enemy tries to cover some particular area, of 
concentration, for instance. If he keeps aeroplanes on the ground 
they will take a long time to get up to 3,000 feet—15 minutes at any 
rate—and by that time our scouting machine should have seen all 
it wants to, and if it has superior speed it can get clear away. Air- 
ships can get up quicker, but our aeroplane, given superior speed 
and hardiness, could keep out of range and still do its reconnais- 
sance, . 

Can the enemy keep his aircraft up in the air and form a de- 
fensive ring? An enormous number will be required; 20 miles 
square is not a very big concentration area, and that means a 
perimeter of 80 miles, for, of course, it is no good merely putting 
out a line in front. 

The machine required for long distance reconnaissance seems 
then to be one with a speed of perhaps 90 miles an hour and a 
radius of action of 300 miles. 

Things will be somewhat different as the hostile armies approach 
each other. Collisions between hostile aircraft will become more 
frequent, and the type of machine required will not be the same. 
It need not have such a large radius of action, 200 miles say; it 
ean be content with a slower speed, say 70 miles an hour; but it 
must be armed and able to use its weapon efficiently. This will 
mean the propeller behind and a man in front with a firearm, per- 
haps a rifle, perhaps a machine gun, possibly some special weapon. 

It seems probable that there will be a succession of duels between 
machines, or perhaps pairs of machines, when the opposing armies 
are within two or three days’ march of each other, and that com- 
mand of the air will result as the cumulative effect of a series of 
victories in such combats. Once gained, command of the air will 
be complete, not so much from the destruction of hostile machines 
as by the effect on the nerves of the surviving pilots. 

We thus arrive at two main types of military aeroplanes, the 
scout and the fighting machine, and this seems a more logical 
grouping than biplanes and monoplanes, or single seaters and 
passenger carriers. 

What the future may have in store it 1s impossible to say, but 
one type can not do both duties as yet; we can not combine speed, 
endurance, and fighting qualities, chiefly owing to the want of a 
2ood high-powered engine. 

Possibly a third type may be required for intercommunieation, 
a hght quick-rising machine capable of landing on bad and re- 
stricted ground. 





* *K * 
There seems no satisfactory method of distinguishing hostile 
from friendly aeroplanes. Colors ean not be distinguished from 
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the ground if the machines are over 2,000 feet. There seems, how- 
ever, a tendency to develop along national lines, and probably a 
trained man could distinguish aircraft much in the same way a 
sailor can distinguish ships. Then, of course, there are occasions 
when secrecy is all-important; when our aircraft would not be 
used and all seen treated as hostile. On August 16, 1870, it would 
have done Alvensleben little good to have known every detail of the 
French disposition, but it was of the greatest importance for him 
to conceal his weakness. 
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Acroplanes and Cavalry. 


Aircraft are of little use in fog, darkness, or stormy weather. 
Troops may escape the notice of aerial observers, or we may lose 
command of the air. Aireraft will certainly not render cavalry 
useless even for reconnaissance. But they will save the cavalry 
much waste of energy by doing most of the long distance recon- 
naissance to the front or flanks and in preventing their being sent 
out on useless missions searching for the enemy where none exist. 
There can be no question of aircraft versus cavalry, but only of 
aircraft and cavalry, each supplementing the other, and the former 
enabling the latter to carry out its work to greater advantage. 

There was a good instance of the combination of cavalry and 
aircraft on the second day of maneuvers this year. The bivouacs 
of the 2nd Red Division were not located, but the cavalry found 
their outpost line and an aeroplane saw all their divisional train 
2 or 3 miles to the north, so we knew the main body was some- 
where in between. 
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Much of the value of aircraft will be lost if the information which 
they can get so quickly takes a long time to reach headquarters. 
If possible, machines should always land near the commander, say 
within a quarter of a mile, and I think the position of headquarters 
should be chosen with this in view. If it can not be arranged, very 
complete arrangements for communication with the aeroplane park 
must be made. 

As regards the issue of orders to aircraft, I think the freer hand 
the commander has the better, and they should be much after the 
style of those issued to the commander of independent cavalry. 


we Me 3 
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Then I would ask you not to spoil us. There seems rather a 
tendency now to make undue allowances for the Flying Corps, and 
anyone who thinks himself entitled to special treatment is generally 
aman with a grievance. I am afraid this sounds very ungrateful. 
There are times when we want everyone’s sympathy. I am glad to 
say we do not look for it in vain, and in no branch of military 
service is sentiment of such importance as in aviation. But on 
ordinary occasions we ought to be judged by results, and if we 
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bring back no information, or, still more, false information, we 
deserve censure even if we have been up in bad weather. It is 
very pleasant to be petted when one is young, but a spoilt child is 
apt to develop into a very objectionable type of man, and we mean 
to grow up soon. 
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Aircraft are not going to win a campaign by Fees they 
are merely an auxiliary. It is the fighting troops, the man behind 
the gun or rifle, the man with the hayonet or sword, that is going 
to win our battles. They are not going to transform a bad general 
into a Napoleon, an inefficient staff into a good one, nor enable tn- 
fantry to march quicker. 

There may be in the future rather a tendency to wait didi: see, to 
find out exactly what the enemy is doing before we act. 

Cavalry will have more battle energy left and may be of greater 
value than ever during and after a fight. 

The movements of transport may indicate the intention of the 
enemy to retire before the troops move. 

The railheads being used for the movement of supplies may give 
a clue to the enemy’s future movements or to a change of base. 

The movements of armies of ostensibly neutral States may be 
discovered without incurring a casus belli by sending cavalry across 
the frontier. 

To take advantage of the information available, the general must 
make up his mind at once, the staff must get out and distribute his 
orders quickly, and the troops must be prepared for longer and 
more rapid movements. War has not been made easier, at any 
rate, for the regimental soldier, as the only way 1n which a com- 
mander can hope to surprise his adversary 1s by outmarching him. 
There will, in fact, be a general speeding up all round, and the 
relative value of mobility and efficiency as compared with numbers 
will be greater than ever. 
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Corps of Engineers; Member American Society 
Civil Engineers 


Of the fifty-four dams proposed for the ecanalization of the Ohio 
River all of those constructed up to the present time, except 
No. 37 below Cincinnati and 41 at Louisville, have been constructed 
in the upper 300 miles of the river above the mouth of the Big 
Sandy. One dam, No. 29, is now under construction just above 
Ashland at mile 320, and contracts have been let and cofferdam 
constructed for locks and dams No. 31 at mile 35814 and No. 48 
at mile 80414, or 6 miles below Henderson, Ky. 

All of the dams thus far built or contracted for, except No. 48, 
have fairly firm foundations, most of them being on rock and a 
few on gravel. The material at all lock sites above Louisville is 
supposed to be of a character that will not be easily eroded by 
the current, so that up to the present time no special precautions 
have had to be taken for protection of cofferdams during con- 
struction or for protection of the works against undermining by 
the current after completion and during operation. 

Below Louisville, however, a totally different type of foundation 
is encountered. In the thirteen dams to be constructed in the 
lower 400 miles of the river, rock is found at the sites of only 
three; elsewhere foundations are fine sand and silt, so fine that the 
bottom changes with every stage of the river. This fact has 
caused considerable anxiety, not only with reference to the plan- 
ning of the works to insure stability after completion, but par- 
ticularly with reference to the danger to the cofferdams and erosion 
of the bed of the river during the period of construction. It has 
been openly affirmed by some of the contractors who have had ex- 
perience on the Ohio River that it would be impossible to construct 
cofferdams in the shifting sands of the lower river that would re- 
main during the period of construction, and, second, that if con- 
structed, they could not be made sufficiently impervious against 

177 


178 OHIO RIVER DAM 


seepage to withstand the ordinary pressure heads, and that they 
could not be pumped out sufficiently to enable the work to proceed. 

Bids were opened in this office for the construction of No. 48 on 
September 7, 1911, and it was found that only one bidder had 
sufficient confidence to offer to do the work. On October 11, 1912, 
bids were to be opened for the construction of dam No. 438, but 
no bids were received. The contract for No. 48 was finally awarded 
to the only bidder, The Ohio River Contract Company, and during 
the past season the cofferdam surrounding the lock, enclosing an 
area of 20 acres has been constructed, pumped out, and the round 
piles under the river wall driven. Work was shut down for the 
winter on December 31, 1912, and during January, 1913, this work 
was submerged by one of the worst floods of record at that site, 
high water reaching an elevation of 371, which is within 2 feet of 
record high water. No particular damage has been done the coffer 
and it is expected that it will be in as good condition next season 
as 1s usual at other sites after the winter floods. It has therefore 
been proven that safe cofferdams can be constructed, maintained, 
and pumped out without undue trouble at the sites in question as 
well as in other parts of the river where better foundations exist. 

It is believed that a short description of the work and type of 
coffer will be of interest to the member of the Corps of Engineers 
and also to contractors who might be desirous of bidding on future 
work in this section of the river. 

At the site selected for dam No. 48 (fig. 1), the width between 
low water lines is 1,600 feet; between 20-foot contours, 3,100 feet. 
The lock is to be located on the convex shore of a bend in the river, 
the radius of which is approximately 4,000 feet. Low water is at 
elevation 325 (Sandy Hook datum), with high water (1884) at 
373. The flood of January, 1913, at this site almost equaled that 
of 1884, reaching an elevation of 371.0. The lock is to be construet- 
ed on the Indiana side where the general level of the banks is at 
elevation 360. On the Kentucky side the bank is somewhat higher, 
being approximately at 380. The river wall of the lock is to be 
approximately along the line of low water, which places that wall 
some 700 feet from the contour of the bank corresponding to that 
of the elevation of the top of the walls. The terreplein between 
gate recesses is to be connected with the river bank by a causeway 
or dike at a general elevation of the top of the land wall. 

The lock is the standard size adopted for the river, 600 by 110 
feet, with lift of 9 feet. The dam is to have a navigable pass 800 
feet wide with Chanoine wickets 16 feet 5 inches long; a Chanoine 
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weir 600 feet wide, wickets 11 feet 9 inches long, and a permanent 
weir 890 feet long, the elevation of whose crest is to be 1 foot below 
upper pool, or 337. Upper pcol is at 338, lower pool 329, top of 
river wall 341, and top of land wall 343. 

The material found at the site is a fine sand and silt intimately 
mixed, with an occasional pocket of very fine gravel. In driving a 
few long piles to a depth of 47 feet below low water some difficulty 
was experienced and it is supposed that a layer of gravel was en- 
countered, but no borings have been taken to verify this. This 
material when quite dry or when entirely submerged in still water 
stands at about the slope of 2 on 3, but any movement of water 
either through it or over it rapidly flattens such slope to about 1 
in 20. For this reason the cofferdam was kept 150 feet away from 
the walls. 

Owing to the distance of the lock from the shore and the neces- 
sary contraction of the river, it was thought inadvisable to include 
any of the navigable pass in the first cofferdam, which was built 
therefore to inclose only the lock with arms extending to the bank. 
The area inclosed is about 20 acres. It is feared that this reduc- 
tion of the cross section of the stream will cause considerable 
erosion, and it may happen that the bed of the river will be so 
greatly changed as to make it necessary to raise the bed before it 
will be possible to construct the dam as planned. 

The type of coffer (fig. 2) is that known as the Ohio River box 
type, built 20 feet above low water and 20 feet thick for the greater 
part of its length; it consists of two rows of sheet piles 20 feet 
apart, tied together by steel rods varying in diameter from °4- 
inch at the top to 144 inch at the bottom, held apart by separators 
and held together by wales on the outside 6 by 6 inches at the top, 
varying to 10 by 10 inches at the bottom. The space between the 
rows of sheeting was filled with sand removed from within the 
coffer by a 10-inch suction dredge, the material being excavated 
from the lock site. The sides of the coffer were carried into the 
bank, the top being of uniform elevation 20 feet above low water. 
To increase the stability of the coffer and decrease seepage a line of 
7 by 12 inch triple-lap sheet piles, Wakefield, 26 feet long, was 
driven outside of and around the coffer and bolted to it. 

No special difficulty occurred during the construction of the 
coffer and seepage through the coffer was easily controlled by 
three 15-inch pumps placed on a pump boat resting on piles near 
the front of and discharging over the coffer. Some difficulty was 
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met in the extension of the upper arm, owing to the fact that the 
river rose at a critical period and the pile driving and placing of 
skeleton of the coffer was carried on in water as deep as 17 feet. 
As this cofferdam extends some 700 feet from the bank at this 
stage there was, of course, a very serious current around the 
end, and extraordinary means had to be taken to protect the end 
of the coffer. Round piles with brush between them weighted 
down by sand bags and rock were used, and after the corner was 
turned a pile of riprap was placed to protect it permanently against 
current and ice. The banking along the front of the coffer was pro- 
tected by several masses of rock (fig. 4) forming short spur dikes to 
prevent a racing current alongside the dike and the whole length of 
banking was covered with gravel. (Fig. 2.) This gravel was fine, the 
largest particles being not more than one-half to three-fourths of 
an inch in diameter, and some of the material was practically noth- 
ing but coarse sand. In my opinion, this gravel is much too fine 
for the purpose intended and the contractor was so notified. He 
feels, however, confident that it will serve its purpose, and it will 
be very interesting to see whether his belief is justified. 

The greatest trouble met in the unwatering of the coffer was in 
protecting the banking against the inside of the coffer from under- 
mining by seepage and drainage water. Wherever there was flow- 
ing water the sand was eroded and the banking gradually sloped 
until it was almost flat. To prevent this, sandbags were used 
freely, and practically the whole caving surface was covered with 
the same kind of gravel as that used on the outside. For this 
protection this gravel was very suitable, and as soon as the sand 
was covered by a thin layer further erosion did not take place, and 
the banks remained with a slope of about 2 on 3. 

It is believed. that the Wakefield sheet piling driven around 
the coffer were not used to the best advantage. These piles should 
have been driven deeper, so as not to overlap the coffer sheeting over 
5 feet, instead of about 13 feet as actually driven, and should 
have been driven close to the coffer. The driving of a great part 
of the Wakefield piles oecurred at medium stages of the river (10 
to 17 feet) with the result that the driving was poorly done and 
this sheeting is not as tight as it should have been. The contractor 
was unable to find men who had adequate experience in driving 
piles in sand with the use of a jet. Both in the case of the sheet 
piles and the round piles under the river wall the pile drivers did 
not accomplish more than 50 per cent of what they should have 


OHIO RIVER DAM 181 






a a — 






Ay 


‘Wap party. : ne : : Be eee erp 






F23.5 
J2F.2 
322.7 
322.9 = 
323.7 322.3 322/ R./4Ke. 
323.7 322.2 Rilo. m2 
e 






B2h/ 


Site of Dam No. 48, Ohio River. 







ni 
fi. 


S's 


é 
ae 
Yj RU/n SK 






< HHT] AT | 

i i" ine LT 7. 
Le HTP) /// R37) \V//ox. 

ll | | i ia / Wf fy Y/ ; 8//: NG SSS Sil Vif 2 NW 


182 OHIO RIVER DAM 


accomplished. This was due in part to lack of experience, but also 
in part to improper pumps, hose, and jets. Up to the end of the 
season the greatest number of round piles, 30 feet long, driven by 
one pile driver in one day was 31. While the jet was used it is 
very doubtful whether any benefit was obtained, owing to lack of 
pressure at the nozzle. 

The contractor’s attention has been called to these defects, and 
preparations are being made to provide the pile-drivers with proper 
jet apparatus, and it is believed that when he begins to drive next 
season each pile driver will drive from 80 to 100 piles per day. 

The use of a pump boat with all of the pumps concentrated, the 
boat resting on piles as the water lowers, has been excellent and it 
is believed 1s very economical and much preferable to other meth- 
ods commonly used. When the coffer is flooded the boats are 
simply disconnected from the discharge pipes, their suctions raised, 
and they are floated out of the coffer through the passway. ‘This 
furnishes a very simple and economical manner of removing and 
placing the pumping apparatus. 

This being the first coffer to be placed on sand foundations in 
the Ohio River, the contractors have taken very great care to use 
the best material and to make everything as secure as possible. It 
is possible that in future cofferdams some of the measures adopted 
in this case may be found to be unnecessary and the cost of the 
cofferdam material reduced. 

The folowing is an extract of a report of the Government in- 
spector in charge of the work, Junior Engineer Edward H. West, 
in which the work is described in fuller detail: 

se * * * * * * 

The coffer, both inside and out, is heavily banked with sand. A 
typical cross section is shown on fig. 2. Plans were closely followed 
in construction, the only exceptions being as follows: For a dis- 
tance of 670 feet from the land end of the upstream wing and 520 
feet from the land end of the downstream wing, tie-rods were 
spaced 8 feet on centers instead of 6 feet on centers; in some por- 
tions of the coffer, instead of 2 by 12 inch deck joists spaced 24 
inches on centers, 2 by 10 inch joists were used, spaced 1614 inches 
on centers, and in a short portion of the river arm 2 by 10 inch 
joists 18 inches on centers were used. The sheet piles were driven 
from a floating pile driver, and at times the river was too high to 
permit the piles to be driven to the proper depth; consequently, 
such piles do not have quite the penetration intended, the maximum 
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difference between actual and intended penetration being about 3 
feet; at the upstream outer corner the length of a number of sheet 
piles was increased to 32 feet for additional safety at the point of 
supposed greatest weakness; at this corner about fifty round piles 
were driven as shown on fig. 4, the area inclosed within them was 
filled with brush weighted with sandbags. Afterwards the entire 
corner was protected with derrick-stone piled as high as the top of 
the coffer. The lower outer corner was also protected by derrick 
stone and several stone dikes were built along the river side, as 
shown on fig. 1. 


On June 20, 1912, the line of sheet piles was commenced, begin- 
ning at a point 250 feet from’ the land end of the upper wing, and 
piles were driven on fifty-six days, an average of 40 piles per day. 
On a number of these days, however, two pile drivers worked, the 
average number of piles per day for one driver being not more than 
30. These sheet piles were driven rather carelessly, making ahgnment 
poor, and leaving the joints not very tight. Better progress could 
have been made in driving them, but as it was only necessary to 
keep ahead of the coffer skeleton no great effort was made to push 
the pile driving. After the driving of sheet piles had been begun, 
trenches about 2 feet deep and 20 feet apart were dug parallel 
to the sheet piles. In these a skeleton was erected consisting of 
wales and those pieces of sheeting through which the tie-rods 
passed, the sheeting being driven about 2 feet into the sand. All 
wales were scarfed for 2 feet at both ends and holes bored for tie- 
rods through the center of the scarf. Where the spacing of tie- 
rods was 8 feet 18-foot timbers were used for wales and where the 
spacing was 6 feet 20-foot wales were used, thus allowing a lap of 
2 feet at each end. At each tie-rod a temporary separator per- 
pendicular to the wales and 20 feet long was placed and the nuts 
on the rod tightened. The remainder of the sheeting was then 
driven and after the proper cut-off elevation had been marked the 
ribbing strips were spiked on and the sheeting cut off to grade. 
Cracks between adjacent pieces of sheeting were closed by 1 by 
3 inch battens nailed on the inside. When the coffer had been 
extended into water so deep as to prevent further work from land 
the skeleton was bolted together on a small barge, one section 
at a time, and as each section was completed it was lifted by a 
derrick boat until the barge could be moved forward, when it was 
lowered into the water (fig. 3). Sheeting was then driven by men 
standing on the wales. Throughout the construction two gangs of 
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carpenters worked; at times each gang extended both skeleton and 
sheeting, but better progress was made when one gang worked on 
skeleton only and the other followed up with sheeting. Each gang 
contained at different times from ten to twenty men; it was found 
that not more than twenty men could work together to advantage. 
In general, it may be said that the rate of progress depended upon 
the rapidity with which the skeleton was advanced, no difficulty 
being experienced in keeping close up with the other work. As a 
matter of fact, sheeting was frequently delayed in order that the 
skeleton might be extended. During the season the skeleton was 
actually extended on about seventy-one days an average of 38 feet 
feet per day; this value corresponds to two wale lengths, either 
36 or 40 feet, depending on the length of the wales being used; it 
was noted in the field that two wale lengths constituted an average 
day’s work. Sheeting was actually driven on fifty-three days, an 
average of 52 feet per day (double row) from a minimum of 10° 
feet to a maximum of 103 feet, but on a great many days on which 
sheeting was driven much other work was done by the same gang 
and the above values are not reliable for progress estimates. It is 
believed that one gang can extend a double row of sheeting 100 
feet per day. The extension of skeleton may be assumed to be 
work accomplished by a single shift since night work on this 
portion of the coffer is neghgible; sheeting, however, was driven 
quite satisfactorily at mght. After the sheeting had been cut off 
to proper elevation, the deck joists were laid and spiked to the 
ribbing strips. This having been done, the discharge pipe of the 
10-inch suction dredge was moved into position and the sheeted por- 
tion of the coffer filled with sand taken, if possible, from the ‘‘ pay 
excavation’’ for the lock walls. Bulkheads across the coffer were 
built at convenient intervals as the construction advanced. As 
the coffer filled, the separators were removed and afterwards used 
again. At first, a long trough built on top of the deck joists of 
rough lumber, on a grade of 1 per cent, was used for distributing 
the sand, but it proved to be very inefficient and was discarded ; 
subsequently the desired distribution was accomplished by moving 
the end of the discharge pipe. Short time tests of the suetion 
dredge showed that it could place 100 cubic yards of fill per hour, 
through 300 feet of discharge pipe, maximum lift 20 feet. It 
handled a total of about 100,000 cubic yards of material. The cot-| 
fer contains only about 40,500 cubic yards; the remainder was 
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used for banking. Of the total excavation made, about 50 per cent 
was within the specified limits of ‘‘ pay excavation.’’ As shown on 
fig. 4, a flooding sluice was built in the lower wing and a passway 
for removing boats, ete., was also left in the lower wing. Discharge 
sluices and coal tracks were constructed in the river side near the 
erest line of the dam. A layer of fine gravel was spread over the 
whole river side of the coffer-banking to prevent scour as much as 
possible. It is believed that the one flooding sluice will be all that 
is necessary, unless very extraordinary conditions arise; in flood- 
ing the coffer when the river is near its top and too great 
a volume of water entering would endanger the permanent work, 
it 1s intended to place blocks behind alternate needles, as is 
often done in regulating pools above needle dams. In the event 
that this scheme should fail to pass a sufficient quantity of water 
to fill the coffer before it 1s topped by a rise, it is intended to use 
the passway as an emergency opening after constructing a tempo- 
rary sluiceway. 

The tongue pieces for sheet piles were dressed in the contractor’s 
planing mill, as was all material requiring finish, such as sheeting 
for sluiceways, needles for closing sluices and passway, ete. Two 
pile drivers were used during the season, both mounted on decked 
barges, with cabins. One barge was 20 by 50 by 4 feet (No. 30) 


drawing 25 inches, and the other (No. 29) 22 by 60 by 5 feet, 
drawing 25 inches. On No. 30 was one 40-horsepower locomotive 
firebox portable boiler, made by the Brownell Company, Dayton, 
Ohio; one two-drum hoisting engine with four winch-heads, made 
by the American Hoist and Derrick Company, cylinder diameter 7 
inches, length of stroke 10 inches, rated horsepower, 20; the ham- 
mer was a No. 2 steam hammer, made by the Vulcan Iron Works, 
Chicago, weight of moving parts 3,000 pounds, gross weight 6,500 
pounds, strokes per minute 60; the make or size of the pump is not 
known, but its indicated pressure varied from 80 to 110 pounds, 
the pressure at the jet 1s unknown, but pressure loss between pump 
and jet was considerable; the jet was a 2-inch pipe reduced to 114 
inches at the nozzle. On No. 29 was one 60-horsepower locomotive 
firebox portable boiler, made by the Brownell Company; one non- 
deseript engine on Lidgerwood base with two winch heads, eyl- 
inder diameter 614 inches; length of stroke, 8 inches; horsepower. 
12. The hammer was a No. 3 steam hammer made by the Vulcan 
Iron Works; weight of moving parts, 1,800 pounds; gross weight. 
3,800 pounds; number of strokes per minute, 60; a MeGowan pump 
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supplied water to the jet at about 90 pounds pressure, as indicated 
at pump, but it is beheved that the greater part of this was lost 
before reaching the nozzle; the jet was a 2-inch pipe, reduced at 
nozzle to 114 inches. At different times, three derrick boats were 
used; two of these were identical, having been recently built for 
this contract; the third, No. 31, was an old boat, quite inefficient 
and nearly worn out. Nos. 33 and 34 were built on hulls 34 by 66 
by 4 feet 9 inches, drawing about 20 inches; the cabins are 28 by 
28 feet. The one boiler on each boat is a locomotive firebox port- 
able boiler, 40 horsepower, made by the Houston-Stanwood & 
tamble Company, of Cincinnati; each engine a 50-horsepower 
three-drum tandem engine for derrick boats, built by the Lidger- 
wood Manufacturing Company, cylinder diameter, 10 inches; 
length of stroke, 12 inches; drums, 16 by 24 inches; the swinging 
engine is a 6-horsepower Lidgerwood, cylinder diameter 5 inches, 
length of stroke 6 inches. The fittings were made by the American 
Hoist and Derrick Company. The boom is 65 feet long and the 
mast 36 feet. Kach boat has three spuds. All excavation, bank- 
ing, and filling was done by a suction dredge; hull, 22 by 100 by 
5) feet 6 inches, drawing 24 inches, with one spud at the suction end. 
The two boilers are each 60-horsepower, built by the Houston- 
Stanwood & Gamble Company; one engine, 100 horsepower, built 
by the same company; cylinder diameter, 15 inches; length of 
stroke, 20 inches. The pump is a 10-inch centrifugal sand pump, 
belt driven, made by the Morris Machine Works, Baldwinsville, 
N. Y., with 10-inch suction and 12-inch discharge pipes. For pump- 
ing out the coffer two pump boats were available; one, built espe- 
cially for the purpose, contains, on a hull 36 by 106 by 5 feet 6 
inches, three 100-horsepower boilers, made by the Houston-Stan- 
wood & Gamble Company; three 100-horsepower engines built by 
the same company; cylinder diameter, 15 inches; length of stroke, 
20 inches; and three 15-inch centrifugal pumps, belt driven, made 
by the Morris Machine Works, and having 18-inch suction and 15- 
inch discharge pipes. The boilers consumed 330 bushels of coal 
per 24 hours during a run of 18 days, and each pump, discharging 
26 feet above water surface, handled 8,000 gallons per minute. 
The old pump boat has never been used on this contract; it con- 
tains two Brownell boilers, 60-horsepower each; one engine, made 
by Charles Barnes & Co., Cincinnati, cylinder diameter, 15 inches; 
length of stroke, 18 inches; one engine, built by the Nagle Engine 
and Boiler Works, Erie, Pa., cylinder diameter, 12 inches; length 
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of stroke, 16 inches. Both centrifugal pumps were built by the 
Morris Machine Works, Baldwinsville, N. Y.; one is a 15-ineh 
pump and the other an 8-inch sand pump, both belt driven. The 
floating machine shop contains a lathe made by the Hamilton 
Machine Tool Co., Hamilton, Ohio, a pipe-threading machine made 
by the Merrell Manufacturing Company, Toledo, Ohio, a_pipe- 
threading machine and a drill-press made by Davis & Egan, Cin- 
cinnati, Ohio, and a hand-made forge. 

The cofferdam was closed November 12, 1912, and a typical cross 
section of river side is shown on Fig. 4. Inside were left both 
pump boats; the old derrick boat for use as a clam-shell dredge; 
and both pile drivers. A temporary sluiceway was constructed, 
discharging through the passway, and a coal track was built to 
supply fuel to the new pump boat Uncle Joe, which was tempo- 
rarily located over the hole excavated for the lower gate track and 
recess. It was intended to pump down low enough to enable the pile 
drivers to drive 126 piles for supporting the pump boats in their 
permanent locations. Pumping was begun on Friday, November 
15, 1912, at 2 p. m. and was continued until Saturday, November 
16, 1912, at 3.10 p. m., when the mouth of the discharge sluice was 
covered by the rising river and it became necessary to stop the 
pumps. On Thursday, November 21, the river had fallen suffi- 
ciently to begin pumping and the pumps were started at 9.15 a. m. 
and ran continuously until the piles for pump boat foundations 
were driven and capped. Gages had been set inside and outside 
the coffer and an inspector was kept on the pump boat continuously 
during the first pumping. The slope of the discharge water was 
measured in the sluiceway by a series of small gages set before 
pumping commenced, and the actual discharge while the pumps 
were making 350 revolutions per minute was computed by Kutter’s 
formula, using a coefficient of rugosity of .009, and found to be 
24,000 gallons per minute for three pumps. An attempt was made 
to obtain more or less accurate estimates of the seepage through the 
cofferdam at different heads. Since the pumpboat was floating 
the vertical distance from water surface to center line of discharge 
pipes did not vary and the discharge was assumed as constant at 
480,000 gallons per pump-hour as measured. The inside gauge 
was read as closely as was possible (to hundredths of a foot) 
and recorded hourly and a eareful record kept of the actual 
number of pump-hours run. The outside gauge was read at 8 a. m., 
12 m., and 4 p. m., and the river stage at other hours could readily 
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be estimated. From the readings of these two gages the head on 
the coffer at any time could be computed. <A careful survey had 
heen made of the interior of the coffer by soundings on October 31: 
from the data obtained by this survey a contour map was plotted 
on a scale of 1 inch equal 40 feet, contour interval 1 foot, and areas 
were measured by planimeter at each foot of elevation through the 
probable range of water surface during pumping. The area of 
water surface at each hour was obtained by interpolation and the 
amount by which the water content of the coffer was reduced was 
computed by average end areas; the seepage during each hour 
was taken as the difference between the amount of water handled 
by the pumps and the amount by which the coffer content was re- 
duced. For example: 


Date: November 22, 1972. 
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* Average Head=13.0. 

+Seepage per Minute=12,052. 
It was impossible to read the inside gage closely enough to make the 
seepage estimates for each hour agree perfectly, and so in plotting 
the curve shown (on bottom, fig. 5) the points plotted are average 
values for several successive hours. While conditions were such 
that an absolutely accurate estimate of seepage is impossible, the 
values as given are believed to be close enough for all practical 
purposes. It would seem that the seepage should vary as the square 
root of the head, following the well-known laws for flow through 
pipes and orifices, the passage of the water through sand amount- 
ing to flow through an infinite number of minute pipes, but the 
ralues actually obtained as outlined above indicate a_ straight 
line variation, that is, directly as the head (top of fig. 5). 

It will be noticed that from a head of 15 feet to 15 feet the seep- 
age appears to rapidly decrease and from 15 feet to 18 feet it ap- 
pears to increase more rapidly than normal. This phenomenon 
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oceurred during the night when no attempt was being made to 
lower the water surface rapidly. One pump had been cut out and 
the other two speeded up so that they were pumping more than the 
quantity of water measured at normal speed, but how much more 
is not known; consequently, the seepage appears to decrease, but in 
reality such is not the case. After the piles for the pump boat 
foundations had been driven and capped the coffer was allowed to 
fill, the boats were floated into position and the Uncle Joe pumped 
down, allowing them to settle on their foundations. Pumping was 
continued until the water surface inside reached an elevation of 
310.7, when the coffer was accepted as satisfactory; 1t was then 
allowed to fill up to 316.0, and driving of round piles for river wall 
foundation was begun from floating drivers. 

Seepage was apparently uniform around the entire coffer perim- 
eter, since a single large leak would have resulted in great damage 
and the wrecking of a portion of the cofferdam. Naturally, this 
seepage water collected into a relatively small number of rather 
large streams, moving toward the pumps, each of which carried a 
large quantity of sand, which was deposited in the still water where 
the pile drivers were floating. Taking care of the seepage was a 
simple matter, but serious difficulty was encountered in preventing 
the excavation from filling with this sand. The clam-shell dredge 
proved to be an inefficient and costly method of solving the problem. 

On several occasions pile driving was suspended until sand thus 
washed in could be removed. It was thought that by building dams 
of sand bags across those streams the movement of sand could be 
stopped. This was done and proved to be very advantageous, but 
when water began to flow over the dams sand continued to move 
into the excavation, though in diminished quantities. A further 
diminution in this sand movement was effected by spreading a 6- 
inch layer of gravel over the greater part of the river side of the 
interior banking. In spite of all efforts, however, large quantities 
of sand continued to move into the ‘‘hole’’ and at the time work 
was suspended for the winter the problem of driving piles without 
constant excavating was still unsolved. 


+ SY q Me te Rv 
7. 7 7. “i. a5 id 


Break in the Blinvis and Mississippt Canal at 
Aqueduct 4 


BY 


Maj. CHARLES KELLER 


Corps of Engineers; Member American Society 
Civil Engineers 


Aqueduct 4 of the Illinois and Mississippi Canal is about 134 
miles west of Lock 22, the latter being at the west end of the summit 
level of the canal. The level between Lock 22 and Lock 23, which, 
besides Aqueduct 4, contains also Aqueduct 5, is about 9 miles 
long. The railroad station nearest to Aqueduct 4 is about 34 mile 
away at Mineral on the main line of the Chicago, Rock Island and 
Pacific Railway. 

On August 14, 1912, a break occurred at Aqueduct 4, the nature 
of which and whose repair are described in the following report of 
Assistant Engineer C. M. Waters: 


On the morning of August 14, 1912, when the patrolmen and 
laborers on Overseer Crist’s section were on their way to work, 
they found a leak at the south end of the west abutment of Aque- 
duct 4, and notified Overseer Crist (by telephone from a neighbor- 
ing farmhouse) who immediately notified me. Instructions were 
given the overseer to rush his men to the scene, close the spillway 
at Lock 22 and begin feeding heavily through Lock 23, and, if 
possible, close the leak with sacks. About an hour later, when I 
arrived at the aqueduct, the water appeared to be coming under 
the southwest wing wall close to the canal prism. Water in the 
creek had then raised to almost the height in the canal, so it was 
difficult to tell just where the leak was. A few minutes after I 
arrived, the south and west wings of the south end of the abut- 
ment settled down slowly, the bank settling with them. The water 
then soon overtopped the bank. The creek, which is formed by 
Coal and King ereeks uniting just above the aqueduct, is a drain- 
age district, as are also the creeks forming it. Levees have been 
built for a long distance along the creeks above and below the 
aqueduct. The levees prevented the water from spreading out 
over the farm lands, and also prevented the water from being 
drawn out of the canal through the break at a very rapid rate. 

In building the abutment the contractors divided it into three 
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sections, one of these divisions coming in line with the north side 
of the west wing of the abutment, shown on the drawing as C-D. 
All that portion of the abutment south of this line was wrecked, 
together with all but two 5-foot sections of the southwest slope 
paving. One of these sections was later broken up to relieve the 
men from the danger of its falling upon them. 

The entire wrecked portion of the abutment was crowded to the 
east, at the base, about 9 feet. The south and west wings sepa- 
rated at the angle joining them, and also broke through several 
horizontal cracks. The south wall was left inclined to the west 
on a 14:1 slope, and to the south on a 4:1 slope. There was no 
movement to the south of either wing. The west wing settled down 
close to the remaining portion of the abutment, dipping to the 
west at an angle of about 30 degrees. The wrecked slope paving 
was piled in the angle between the wing walls. 

A deep hole was washed under the south end of the breast wall, ex- 
posing the foundation piling for a distance 8 feet north from section 
C-D. The breast wall and reinforced conerete lining were unin- 
jured. 

In making the repairs, earthen cofferdams were thrown across 
from the west bank of the creek to the west pier, above and below 
the aqueduct, and the inclosed area pumped out. The movable 
dam in the west end of the aqueduct was raised, holding 3.8 feet 
of water east thereof. <A cofferdam was built across the canal 
prism west of the break. A wooden flume was built to carry the 
water from the aqueduct past the cofferdam in the canal prism. 
This flume served the double purpose of helping to maintain the 
lower levels and of taking care of the leakage through the valves 
at Lock 22. 

The top of the south wing wall was removed to about 10 feet 
above the foundation, and the west end of the west wing wall was 
removed down to about the grade of the original foundation. It was 
easier to do this than to move the pile-driver around it. 

Triple lap sheet piles of yellow pine, dressed to 254 by 1114 
inches and 20 feet long, shod with cast iron, were driven in a row 
about 30 feet long southwest from the south side of the old west 
wing, over which was built a concrete foundation 2 feet 10 inches 
deep, for the new wing wall which is 37 feet long on the east side, 
35 feet on the west, 8 feet at the base, and 4 feet at the top. The 
foundation of this wall was made to extend east to the wrecked 
south wing, and later the area between the new wall and the old 
was filled with concrete to the top of the old wall as it was left. 
Thirty-two 20-foot piles were driven in this foundation. 

After this wall was completed, a row of thirty of the same 
kind of sheet piles was driven southwest from the outer end of the 
concrete. These were driven to a good resistance, which left the 
tops at about bottom grade at the north end and a few feet higher 
at the south end. <A similar row of sheet piling was driven from 
the north side of the west wing across the canal prism about 18 
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inches west of the breast wall and curved westward to the west 
end of the west wing on the north end of the abutment. The space 
between this row and the breast wall was filled with concrete to 
the top of the sheet piles, which were 2 to 3 feet above the founda- 
tion. The deep hole under the breast wall was well cleaned out 
and filled with concrete. Care was taken in doing this to crowd 
the concrete to the north under the original foundation. Along 
the east side of the breast wall a trench was excavated about 6 
feet deep and filled with conerete. Holes were drilled through the 
foundation at the east side of the breast wall and grout poured in 
to fill any openings under the foundation. 

The west wing wall was not replaced. The longer new wall 
made it possible to set the bank back to the south, so that the 
west wing wall and vertical slope paving could be dispensed with. 
The new bank was riprapped after water was turned in. <A study 
of the wreck shows that the west end of the west wing lies the 
deepest, which leads me to believe that the leak started around the 
west end of that wall under the slope paving, followed back of that 
wing and found its way out under the north end of the south wing. 
The water was turned past the break about noon September 14, 
and a boat locked through the same afternoon. (See Plate.) 

Following is a cost statement: 
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It fo ee Se ek 4,640.69 

ret ee $6,509.47 


Lock 22 is farther from the railroad than is Aqueduct 4, so that 
such materials as came by rail were hauled direct to the aqueduct 
from Mineral. These included piles, timber, bolts, ete. Gravel, 
sand, cement, and mechanical equipment were procured from the 
eastern section of the canal, carried by barge as far as Lock 22, 
and from there to the aqueduct by wagon. No lockages were made 
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through Lock 22, as to do so would have made more difficult the 
problem of handling the water at the aqueduct. 

The remains of the two concrete wing walls were drilled by hand 
and broken up with powder. The masses were so small and so pe- 
culiar in form as not to justify the use of mechanical drills. Piles 
were driven by steam driver in the pit and concrete mixed by an 
engine driver mixer on the northwest approach to the aqueduct. 

Mr. Waters’ theory as to the manner in which the wings of the 
aqueduct were undermined seems correct. The plans of this aque- 
duct, herewith, show there were two rows of triple-lap piles under 
the breast wall, one row extending to the ends of the transverse 
wings, the other turning at right angles and extending under the 
longitudinal wings. These sheet piles extended 8 feet below the 
lowest concrete and, as the canal bed was at level with the top of 
the breast wall of the abutment, it follows that, if the sheet piles 
were tight as, from the circumstances of the case seems reasonably 
certain, to undermine the foundations of the wing walls it was 
necessary for a considerable stream of water to create a channel for 
itself through a vertical thickness of somewhere near 17 feet of 
earth. Until the round piles had been deprived of much of their 
supporting power, the abutments could not fail. The round piles 
were 16 feet long and, presumably, would not have failed until by 
the washing out of the sheet piles a channel had been created in 
which scour of the earth remaining about the round piles might 
readily occur. Assistant Engineer Waters has stated that in his 
opinion the round piles under the west wing settled, or were forced 
down, vertically, while those under the south wing were carried 
over with it when it fell, so that their tops were deflected to the 
east. The bed of the canal at this locality is firm and quite im- 
pervious, so that the formation of a leak sufficient to cause destruc- 
tion of the wings in the manner described is considered to be note- 
worthy. 


Gouverneur Kemble Warren™ 


BY 


Brig. Gen. HENRY L. ABBOT 
Corps of Engineers, Retired 


It would be useless to attempt within our narrow limits to review 
the life work of a man so distinguished in many fields of honorable 
ambition as was General Warren. His scientific record will find a 
place in the memoirs of the National Academy of Sciences, of which 
he was long a member. It is peculiarly for us, sons of a common 
alma mater, to cherish the memory of his soldierly achievements, 
which have reflected honor upon ourselves and upon our profession. 

Gouverneur Kemble Warren was born on January 8, 1830, at 
the village of Cold Spring, within hearing of the morning and 
evening gun at West Point. He was the fourth in a family of 
twelve children—eight sons and four daughters. As a boy he was 
educated at the schools of his native place, and for one year at 
Kinsley’s Classical and Mathematical School near West Point, 
where he was a student when his cadet appointment was received. 
He entered the Military Academy on July 1, 1846, at the early age 
of sixteen, and was graduated on July 1, 1850, standing second 
in a class of forty-four members. He was at once assigned to the 
Corps of Topographical Engineers, in the grade of Brevet Second 
Lieutenant. 

The first duty which devolves upon a young officer often exerts 
an enduring influence upon his professional character; and Lieu- 
tenant Warren was fortunate in the experience which he gained 
as assistant to Captain (now General) Humphreys upon the in- 
vestigations and surveys of the Mississippi delta. The work was 
onerous, and peculiar circumstances threw him into more than 
usually intimate relations with his chief, for whom he formed a 
strong personal attachment which lasted through life. 

Lieutenant Warren’s first opportunity for original research oc- 
curred in 1854, when he was assigned to the duty of compiling a 
general map of the region west of the Mississippi. The country 


*Reprinted from the Proceedings of the Association of the Graduates of 
the U. S. Military Academy, Annual Reunion of June 12, 1883. 
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was then a wilderness intersected by a few lines of reconnaissance, 
and the work demanded laborious and judicious analysis. The 
resulting map and memoir, dated 1858, exhausts all valuable ma- 
terial from the earliest discoveries to its date, and will remain a 
standard historical authority. This work was performed under the 
pressure of other duties and largely at night. During its progress 
he devoted much labor to the joint report (1854) of Captain Hum- 
phreys and himself upon Pacific Railroad explorations, and also 
conducted three separate explorations in Dakota and Nebraska. 

The first of these explorations was made as the Engineer officer 
of General Harney’s staff, in his campaign against the hostile 
Sioux, memorable for the victory of Blue Water Creek on Septemb- 
er 3, 1855. One little incident connected with this expedition illus- 
trates Warren’s character. He had been sent up the Missouri to 
Fort Pierre on duty, while the column was forming at Fort Kearny. 
Time was lacking to rejoin General Harney by water before the 
march began. The direct overland route (300 miles) led through 
the heart of the enemy’s country and was wholly untravelled and 
unknown. Against the earnest advice of his brother officers at 
Fort Pierre, including the commanding officer, who regarded his 
destruction as certain, Warren organized a little band of seven half- 
breeds and prairie men, successfully made the march in two weeks, 
and mapped his route. This exploit, apparently so rash, was in 
truth the result of an intelligent study of the chances. The weather 
was yet too warm for the probable formation of roaming war par- 
ties, especially as it was the season for making ‘‘sweet corn.’’ By 
using no tents or fires at night, and by marching under cover of 
darkness when near an enemy, Warren reasoned that the well 
armed and alert little band could run the gauntlet—and he was 
right. Throughout his life he never lacked sagacity to plan or 
courage to execute. 


Lieutenant Warren’s explorations of 1856 and 1857, covering 
many hundred miles, were made with small parties among power- 
ful and semi-hostile tribes, for the purpose of obtaining the in- 
formation necessary for subduing them and for opening the country 
to civilization. He was the first explorer of the now celebrated 
Black Hills, passing through their eastern, southern, and western 
outskirts. His well digested report and military map of Nebraska 
and Dakota have been of great value, both in the development of 
the country and for the scientific information that they contain. 

After nine years of this varied and active service, Lieutenant 
Warren was ordered in 1859 to West Point, in the department of 
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mathematics, and he remained there until the outbreak of the 
civil war. 

He brought to the strife an intellect fitted for high command, a 
courage which knew no fear and shrunk from no responsibility, a 
judgment ripened by responsible duties, an earnest patriotism free 
from fanatical bias, and an energy so indomitable that it carried his 
delicate frame through labors and exposures which broke down 
many men of stronger physique. Like most soldiers of conscious 
ability, he despised the vulgar arts and clap-trap which form the 
stock in trade of coarser natures; and his magnanimity to the van- 
quished equalled his stubborn persistance during the contest. 

The position of Lieutenant-Colonel of the Fifth New York Vol- 
unteers was very early tendered to Lieutenant Warren; and having 
received a leave of absence with permission to accept a volunteer 
command, he was mustered into the service in that grade on May 
14, 1861. The regiment, as soon as organized at Fort Schuyler, 
was ordered to report to General Butler at Fortress Monroe, and 
at once proceeded south by sea. It came under fire for the first 
time in the affair at Big Bethel, fought on June 10, 1861, where 
Lieutenant-Colonel Warren was conspicuous for coolness and good 
judgment. He was the very last to leave the field, having re- 
mained to rescue at the risk of his hfe the body of his friend, 
Lieutenant John T. Greble, Second Artillery—the first in our little 
band of regular officers to die for the cause of National unity. 
Warren went back with about ten men, on learning of his death, 
and leaving them under cover advanced alone and carried the body 
in his arms to an abandoned limber, which was then drawn off by 
the party. 

On August 31, 1861, he was promoted to be Colonel of the Fifth 
New York. During the remainder of the year the regiment was 
stationed in Baltimore, where it was engaged in constructing the 
large earthwork on Federal Hill, and in receiving the thorough 
drilling which made it confessedly one of the very best regiments 
in the service.* 


*The Prince de Joinville in 1862, in writing of our volunteer army, said: 

‘‘Sometimes an officer of the regular army, desirous of distinguishing him- 
self, and having enough of influence in his State, raised a regiment and obtain- 
ed from it an admirable result. Thus, a young Engineer Lieutenant named 
Warren was marvellously successful with the Fifth New York Regiment, of 
which he was the Colonel. That regiment served as Engineers and Artillery in 
the siege of Yorktown; and having again become Infantry conducted itself 
as the most veteran troops at the battles of the Chickahominy, where it lost 
half its force.’’ 
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When the Army of the Potomac moved to the Peninsula in the 
spring of 1862, the Fifth New York accompanied it. Before 
Yorktown it formed part of the siege train under the command of 
General Barry, Chief of Artillery, Colonel Warren in addition 
doing much personal reconnoitering of the enemy’s lines as an 
Engineer. The regiment was in camp near General McClellan’s 
headquarters; and no officer who witnessed the daily dress parades 
of his 800 soldiers in brilliant zouave uniform and_ splendidly 
drilled, could fail to recognize the skill of the young Colonel as a 
disciplinarian and regimental commander. 

After the advance began (on May 24), Colonel Warren was 
assigned to the command of the Third Brigade in Sykes’ Division 
of the Fifth Army Corps, consisting of his own and two other 
Infantry Regiments, a Cavalry Regiment, and a Light Battery. 
With this Brigade he covered the extreme right of the army; and 
took part in the capture of Hanover Court House; the pursuit of 
Stuart’s cavalry after the brilliant raid round our rear (marching 
his Infantry 438 miles in 37 hours); the battle of Gaines’ Mill, 
where he was slightly wounded, and his horse was twice shot under 
him; the affair at Malvern Hill on June 30, and the great battle 
there of the following day. The Brigade lost 60 or 70 men killed 
and 150 wounded in these operations, chiefly in the battle of 
Gaines’ Mill, and Colonel Warren was highly commended for gal- 
lantry and good conduct. 

After leaving the Peninsula, Colonel Warren’s brigade was land- 
ed at Aquia Creek and took part in the movements of the Fifth 
Corps to reinforce General Pope. In the desperate battle fought 
near Manassas, On August 30, 249 out of the 490 soldiers of his 
own regiment were killed and wounded, and his bull-dog tenacity 
did much to cover the withdrawal of the remnants of the Corps. 

Recommended by his superior officers, and urgently pressed by 
General McClellan, he was appointed on September 26, 1862, 
Brigadier General of Volunteers for distinguished conduct at the 
battle of Gaines’ Mill. He had in the meantime been engaged with 
his brigade in the Maryland campaign and the battle of Antietam. 
His command passed through Harper’s Ferry on November 1, 
marched to Falmouth, and took part in the Rappahannock cam- 
paign and the battle of Fredericksburg. 

While the army lay in the winter cantonments General Warren 
did much individual work in reconnoitering and correcting the 
maps; and finally, on February 2, 1863, he was ordered as Chief 
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Topographical Engineer to the staff of General Hooker, who had 
just assumed command of the Army of the Potomac. The two 
Corps of Engineers were consolidated by Act of Congress approved 
Mareh 3, 1863; and on June 8, General Warren was appointed 
Chief Engineer of the Army of the Potomac, acting in that capacity 
until August 12. During the six months in which he thus served 
on the staff, his papers prove that he discharged highly responsible 
duties. In the Chaneellorsville campaign he took a gallant part 
in the action of Orange Pike, the storming of Marye’s Heights, and 
the battle of Salem. 

Few better illustrations of the intensity of life at this time can 
be given than the circumstances attending General Warren’s mar- 
riage with Miss Emily F’. Chase of Baltimore, then residing with 
her father in that city. Hastening from the front, he arrived at 9 
a.m. on June 17; was married at noon; and on the 20th was back 
at his post actively engaged in the movement toward Gettysburg. 
The life-long sympathy and love of his noble wife hghtened many 
hours of despondency under the burden of wrongs which otherwise 
might have proved unendurable to a man of his proud and sensi- 
tive nature. 

At Gettysburg, where he was slightly wounded, General Warren 
brilliantly distinguished himself as an engineer staff officer. On 
the second day of the battle (July 2d), after a personal examina- 
tion of the right of the line near Culp’s Hill, where an offensive 
movement on our part was in contemplation, he was drawn to the 
left by Longstreet’s furious attack. At the moment when Hood, 
having outflanked Sickle’s Corps, was thrusting forward his right, 
Warren had fortunately reached the bold and rocky spur called 
Little Round Top—the key to the whole Union position. It was 
entirely undefended, although occupied as a signal station. Ap- 
preciating the vital importance of the Confederate movement, 
Warren ordered the signal men, who were preparing to avoid 
capture by flight, to continue waving their flags and thus preserve 
a semblance of occupation while he hurried for troops. He soon 
encountered the head of Sykes’ column hastening to support Sickles 
and assumed the responsibility of diverting Vincent’s brigade to 
seize and occupy the hill, using General Meade’s name as his staff 
officer. How gallantly this movement was executed in a desperate 
hand-to-hand conflict, in which Vincent and Weed, O’Rourke and 
Hazlitt, and hundreds of other soldiers in blue laid down their 
lives, is a matter of history. It was one of the many turning 
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points of this, the supreme battle of the war, and but for Warren’s 
military coup d’sil and prompt acceptance of responsibility, Get- 
tysburg might now be known as the grave of the Union. 

The passage of the Potomae after the battle of Gettysburg af- 
forded an illustration of the curious expedients upon which the 
success of engineer operations often depends. The pontons had 
been scuttled, and, as was supposed at the time, destroyed, in the 
preliminary operations of the campaign. It now became necessary 
to patch and repair the shattered boats at once; and at General 
Warren’s personal suggestion, this was done successfully with 
cracker-boxes obtained from the Subsistence Department. 

On August 8 General Warren was appointed Major-General of 
Volunteers, to date from May 3, when he had distinguished himself 
with General Sedgwick’s column at the storming of Marye’s 
Heights and the battle of Salem. On August 11 he was assigned to 
the temporary command of the Second Corps. He had thus in 
two years, without influence other than the recommendations of his 
commanding officers, fairly fought his way from the command of a 
regiment to that of an army corps. 

His first important service in this grade occurred in Lee’s flank 
march upon Centreville, in October, 1863. On the night of the 
13th, when the Confederate army reached Warrenton, the Second 
Corps, forming the rear guard of the Army of the Potomac, bivou- 
acked at Auburn, distant only about 5 miles. Neither army com- 
mander knew accurately the position or line of march of the other, 
but both were maneuvering to bring on a decisive battle. The 
march ordered by General Meade for the Third, Fifth, and Second 
Corps on October 14 lay along the Alexandria Railroad toward 
Centreville, Lee’s supposed objective. During the night of October 
13 General Stuart, with a brigade of cavalry, found himself en- 
tangled among the Second Corps, and just before daylight opened 
suddenly with artillery upon the camp fires of Caldwell’s division. 
An infantry attack by General Ewell followed promptly from the 
opposite direction. Although repelled, these attacks delayed the 
Second Corps; so that when it reached Bristoe Station a small 
gap existed between its leading division (Webb’s) and the rear of 
the Fifth Corps, next in advance. The head of General A. P. 
Hill’s Corps struck this gap and immediately attacked. The 
moment was critical, but General Warren, who was on the spot, was 
equal to the emergency. With the utmost promptitude his two 
leading divisions were faced to the left and hurried forward under 
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fire to seize the railroad embankment and cut, thus securing a 
strong line. A sharp attack by Gen. Hill in line of battle was vigor- 
ously repulsed, and 450 prisoners, 2 stands of colors, and 5 pieces 
of artillery, were captured. Warren held this position for some 
hours with a force of less than 8,000 men, confronting the whole of 
HMill’s Corps (numbering about 17,000 men), gradually increased 
by the whole of Ewell’s Corps during the afternoon. At dark he 
was reinforced by part of the Fifth Corps; and during the night 
was ordered to continue his march toward Centreville. He crossed 
Bull Run about 4 a. m. with his wounded and captures, having in 
24 hours twice repulsed the enemy in superior force and marched 
over 25 miles. The total loss of the Second Corps in killed and 
wounded was 433 officers and enlisted men; and of the Confeder- 
ates, in killed and wounded, 782 officers and enlisted men. Gen- 
eral Humphreys, then Chief of Staff of the Army of the Potomae, 
writes: ‘‘The handling of the Second Corps in this operation, and 
the promptitude, skill, and spirit with which the enemy was met 
were admirable, and might form an excellent model for the conduct 
of the rear guard.’’ 

General Meade, in an order published to the Army, said: ‘‘The 
skill and promptitude of Major-General Warren and the gallantry 
and bearing of the officers and soldiers of the Second Corps, are 
entitled to high commendation.’’ 

General Warren’s next conspicuous service was in the Mine 
Run movement of November, 1863. On the 29th, with his own 
Corps and a division of the Sixth, he reached a position on the 
extreme right of the enemy, which, after careful examination, he 
reported favorable for assault. General Meade ordered a com- 
bined attack, to begin by an assault by Warren’s command (rein- 
foreed during the night by two divisions of the Third Corps) at 8 
o’eclock on the following morning. At daylight General Warren 
discerned that the opportunity had passed; for during the night re- 
inforcements had arrived and had so strongly entrenched the posi- 
tion as in his belief to render its capture hopeless. He had the 
moral courage to assume the responsibility of suspending the move- 
ment; and General Meade, after an immediate personal inspection, 
confirming his judgment, the useless effusion of blood was spared. 
This action of a young General in temporary command of a Corps, 
displaying a willingness to sacrifice his own future prospects rather 
than squander the lives of his soldiers, illustrates the character of 
the man. 
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At the reorganization of the Army of the Potomac into three 
Corps for the Richmond campaign, General Warren was assigned 
by the President (March 24, 1864) to the permanent command of 
the Fifth Corps. Space is lacking to trace his personal career 
during the year in which he held this high command. It will find 
a place in every true history of the war. Suffice it to say that he 
played a conspicuous and honorable part in the battles of the 
Wilderness, Spottsylvania, North Anna, Bethesda Church, Cold 
Harbor, and especially in the numerous battles around Petersburg. 
Everything that ability and skill, and personal gallantry and devo- 
tion to the cause could do, Warren did; and he received the 
highest reward of a successful General—the confidence, the love, 
and the support of his soldiers. This latter is no vague statement; 
but is based upon the personal knowledge of the writer at the time, 
confirmed by many letters from officers of distinction now on file. 
Indeed the wildly enthusiastic greeting of the whole Fifth Corps 
on its return through Petersburg, establishes its truth beyond eavil. 

We come now to the battle of Five Forks. The operations which 
culminated in this decisive action are fully established by sworn 
testimony before the court of Inquiry which General Warren, after 
nearly fifteen years of persistent effort, succeeded in obtaining 
from the President. Space permits a brief summary only of the 
more salient points; but history can not now fail to do him ample 
justice. . 

At sunset of March 31 the Fifth Corps occupied the extreme left 
of the Union position; and General Sheridan’s cavalry was at 
Dinwiddie Court House—distant about 5 miles to the left and rear. 
Both had been severely attacked during the day, and the latter was 
still confronted by infantry and cavalry. At 8.40 p. m. General 
Warren himself suggested that he be allowed to move in force 
against the rear of the enemy operating against General Sheridan. 
On his own responsibility, as early as 5 p. m., he had dispatched a 
strong brigade with orders to attack that force; and in consequence 
of this movement the Confederates withdrew during the night from 
General Sheridan’s front. 

About 7 a.m. of April 1, the Fifth Corps and the cavalry effected 
a junction, and under command of General Sheridan prepared for 
a combined attack upon the enemy—then at Five Forks, a detached 
position about four miles to the westward of the Confederate main 
intrenched lne before Petersburg. The country was much wood- 
ed. The cavalry was early disposed along the enemy’s front, the 
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Fifth Corps (12,000 men) being left massed at J. Boisseau’s until 
ordered forward about 1 p. m. About 4 p. m. it had advanced 
about 214 miles, and formed near Gravelly Run Church ready to 
assault. 

General Sheridan’s purpose was to crush and turn the Con- 
federate left flank with the Fifth Corps, at the same time assaulting 
their line of battle in front with his cavalry. 

The Fifth Corps advanced as directed by General Sheridan, 
Ayres’ division on the left, Crawford’s on the right, and Griffin’s 
in reserve. The indicated point of attack lay too far to the right. 
Ayres soon received a sharp fire on his left flank from the return 
which formed the extreme left of the Confederate position. He 
promptly changed front, assaulted and finally handsomely carried 
this angle, taking many prisoners. This movement left the other 
divisions advancing in air with only a cavalry force to oppose them, 
and Warren hastened in person to change Crawford’s direction to 
the left, having previously sent orders to Griffin to move to his 
left and come in on the right of Ayres. The country was rough 
and wooded, and the position of the enemy had been supposed by 
General Sheridan to extend much more to the eastward than was 
actually the case. Hence the primary importance of these move- 
ments, in order to bring the whole Fifth Corps into action. 

In this difficult task Warren was everywhere—first with Craw- 
ford’s division, establishing the new line of advance; then with 
Griffin, directing him upon the enemy lying along the west side of 
the Sydnor field—-whose exact position he had just discovered by 
drawing their fire upon himself; then to Ayres, finding him in pos- 
session of the angle with many prisoners; then back to Crawford, 
and conducting the advance through the woods so as continually to 
outflank the enemy in his attempt to form new lines to cover his 
natural retreat (the Ford Road) and to hold the position at the 
forks. Finally Crawford’s division, still accompanied by Warren, 
and having swept everything before it, found itself on the east side 
of the Gilliam field, but somewhat disorganized by the fighting 
through difficult woods. Confronting it on the west side was a 
new and last line of the enemy slightly intrenched. 

Here a pause occurred, and personal magnetism seemed called 
for to lead on the troops who for the moment had lost their organi- 
zations in the confusion. Warren having discharged the more 
pressing duty of directing the whole force of his Corps upon the 
enemy, now found time to yield to his natural impulse. He seized 
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his headquarters flag, rode into the opening, and calling on the 
color-bearers to advance, led the charge. His horse fell dead under 
him close to the enemy’s lines; an orderly by his side was killed; 
and his own life was probably saved by the gallant act of Colonel 
Richardson, Seventh Wisconsin, who sprang between him and the 
enemy, receiving a severe wound. This charge put an end to all 
resistance. Surrounded by his captures and flushed with victory, 
Warren sent back a staff officer to report to General Sheridan and 
ask for further orders. 

These orders came in writing. They relieved him from the com- 
mand of his Corps and ordered him to report to General Grant. 

If the bullet which killed his horse had pierced the heart of the 
rider, Warren, hike Wolf dying upon the Heights of Abraham, 
would have gone down in history the hero of the battle. This 
order, more cruel than the bullet, doubtless caused his death after 
seventeen years of suffering which intimate friends who understood 
his sensitive organization can alone appreciate. It is pitiful that 
one of his last requests was to be laid in the grave without the 
usual military ceremonial, without soldierly emblems on his coffin, 
or uniform upon his body. The iron had entered his soul. 

General Grant, on April 3, assigned him to the command of the 
defenses of Petersburg and the South Side Railroad, and on May 
14 he was transferred to the important command of the Department 
of Mississippi; but on May 27, as soon as he felt assured that the 
fighting was over, he resigned his volunteer commission of Major- 
General, and returned to duty as Major in the Corps of Engineers. 
He received several brevets in the regular army for gallant and 
distinguished services in battle, but with such a record as his they 
need not be named. 

Of his services in the civil branches of his profession since the 
war, I shall here say nothing. They covered a wide range of sub- 
jects, and would give him prominence among eminent engineers in 
any country. The Corps order of General Wright, announcing 
his death, contains the following fitting tribute to these labors: 
‘‘In scientific investigations General Warren had few superiors; 
and his elaborate reports on some of the most important works 
which have been confided to the Corps of Engineers are among 
the most valuable contributions to its literature.’’ 

The lives of few graduates more perfectly illustrate the fruits 
of what we are proud to call West Point culture than that of Gen- 
eral Warren. Everything with him was subordinated to duty, 
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and he had put forth his whole strength in whatever he had to do. 
His tastes were cultivated and refined, and his reading in both 
literature and science was extensive. A man of warm affections 
and sympathetic nature, he was ever ready to listen to the ery of 
distress. ven after his long experience in war the misery of the 
wounded and the severe hardships of all his soldiers, in some of 
the winter movements south of Petersburg, so touched his heart 
that he wrote to his brother: ‘‘I do not feel it much in my own 
person, but I sympathize so much with the suffering around me 
that it seems at times I can hardly endure it.’’ He is now peace- 
fully at rest beyond the reach of praise or censure; but his memory 
is a sacred legacy to West Point and to the Army of the Potomac. 
There is no nobler name upon either roll. 


HEADQUARTERS CORPS OF ENGINEERS, 
UNITED STATES ARMY, 
Washington, D.C., August 9, 1882. 
(GENERAL ORDERS, No. 5.) 


It has become the painful duty of the Brigadier General Com- 
manding to announce to the Corps of Engineers the death of a 
brother officer, Lieutenant Colonel Gouverneur K. Warren, Brevet 
Major General, United States Army, who died at Newport, R. I., 
yesterday. 

General Warren was graduated from the Military Academy and 
promoted to the rank of Brevet Second Lieutenant in the Corps of 
Topographical Engineers, July 1, 1850. He served as Assistant 
Engineer on the topographical and hydrographical survey of the 
Delta of the Mississippi, 1850-’52, and to the Board for the im- 
provement of Canal around the Falls of the Ohio, 1852-’53; in 
charge of Surveys for the improvement of Rock Island and Des 
Moines Rapids, Mississippi River,1853-’54; in compiling the General 
Map and Reports (conjointly with Captain, now General A. A. 
Humphreys) of Pacific Railroad Explorations, 1854; as Chief To- 
pographical Engineer on Sioux Expedition, 1855, being engaged in 
the action of Blue Water, September 3, 1855; in charge of recon- 
naissances in Dakota Territory, and making Map and Report of 
same, 1855-’56, and in Nebraska Territory, 1856-’57, and preparing 
Maps and Reports thereof, 1857-59. 

He was Assistant Professor of Mathematics at the Military Acad- 
emy, 1859, and Principal Assistant Professor, 1859-’61. 

He entered upon his distinguished service in the late civil war 
(1861-’66) in the Department of Virginia, as Lieutenant-Colonel 
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of the Fifth New York Volunteers, being engaged in the action at 
Big Bethel Church, June 10, 1861. He was engaged on the de- 
fenses of Baltimore, and constructing Fort on Federal Hill, 1861- 
’62, being temporarily detached on expedition to Northampton and 
Accomae counties, Va., 1861; in the Virginia Peninsula Campaign 
(Army of the Potomac) 1862, being engaged in the siege of York- 
town, April 11-May 4, 1862, and in command of Brigade, May 24, 
1862; skirmish on Pamunkey River, May 26, 1862; capture of 
Hanover Court House, May 27, 1862; battle of Gaines’ Mill, June 
27, 1862, where he was wounded; repulse of Wise’s Division at 
Malvern Hill (in command), June 29, 1862; battle of Malvern 
Hill, July 1, 1862, and skirmish at Harrison’s Landing, July 2, 
1862. 

In the Northern Virginia Campaign, 1862, he was engaged in 
the battle of Manassas, August 30, 1862, and skirmish near Centre- 
ville, September 1, 1862. He was in command of Brigade (Army 
of the Potomac) in the Maryland Campaign, 1862, being engaged in 
skirmishes and battle of Antietam, September 15-17, 1862; skirmish 
with the enemy’s rear guard on the Potomac, September 19, 1862; 
and march to Falmouth, Va., 1862. In the Rappahannock Cam- 
paign, 1862-’63, he was in command of Brigade till February 4, 
1863. He then became Chief Topographical Engineer of the Army 
of the Potomac, and was engaged in the battle of Fredericksburg, 
December 13-16, 1863; making reconnaissances, 1862-’63; action on 
Orange Pike, May 1, 1863; storming of Marye Heights, May 3, 
1863, and battle of Salem, May 3-4, 1863, and as Chief Engineer of 
the Army of the Potomac, June 8-August 12, 1863. 

In the Pennsylvania Campaign he was engaged in charge of the 
re-embarkation of stores at Aquia Creek, 1863; reconnaissance and 
battle of Gettysburg, July 1-3, 1863, where he was wounded; and 
construction of bridges, and making reconnaissances while pur- 
suing the enemy, July-August, 1863. 

He was in command of Second Corps (Army of the Potomac), 
from August 12, 1863, to March 24, 1864. 

In the operations in Central Virginia, he was engaged in move- 
ment to Culpeper and the Rapidan, September 13-16, 1863; combat 
at Auburn and Bristoe Station (in command), October 14, 1863; 
skirmish at Bull Run, October 15, 1863, and at Kelly’s Ford, 
November 8, 1863; movement to Mine Run, with heavy skirmishing, 
November 26-30, 1863, and demonstration upon the enemy across 
Morton’s Ford, February 6, 1864. 

He was in command of Fifth Corps (Army of the Potomac), from 
March 24, 1864, to April 1, 1865. 

In the Richmond Campaign he was engaged in the battle of the 
Wilderness, May 5-6, 1864; battles about Spottsylvania, May 8-20, 
1864; battles of North Anna, May 23-25, 1864; skirmish on Tolo- 
potomy Creek, May 29, 1864; battle of Bethesda Church, May 30, 
1864; battles of Cold Harbor, June 1-4, 1864; skirmish on White 
Oak Swamp, June 13, 1864; assaults on Petersburg, June 17-18, 
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1864; siege of Petersburg, June 18, 1864-April 2, 1865; Peters- 
burg Mine assault, July 30, 1864; actions for the occupation of the 
Weldon Railroad, August 18-25, 1864; combat of Peebles’ Farm, 
September 30, 1864; action at Chapel House, October 1, 1864; skir- 
mishes near Hatcher’s Run, October 27-28, 1864; destruction of 
Weldon Railroad to Meherrin River, December 7-10, 1864; combat 
near Dabney’s Mill (in command), February 6-7, 1865; actions 
and movement to White Oak Ridge, Mareh 29-31, 1865; battle of 
Five Forks, April 1, 1865. 

He was in command of the defenses of Petersburg and South- 
side Railroad, April 3-May 1, 1865; in command of the Department 
of Mississippi, May 14-30, 1865, and was at New York City pre- 
paring Maps and Reports of his campaigns, June 20, 1865, to July 
31, 1866. 

General Warren was promoted successively from the grade of 
Lieutenant to that of Lieutenant Colonel, Corps of Engineers, and 
Major General, U.S. Volunteers. He received the brevets of Lieu- 
tenant Colonel, U. 8S. Army, ‘‘for gallant and meritorious services 
at the battle of Gaines’ Mill,’’ Va., 1862; Colonel, U. S. Army, ‘‘for 
gallant and meritorious services at the battle of Gettysburg,’’ Pa., 
1863; Brigadier General, U. S. Army, ‘‘for gallant and meritorious 
services at the battle of Bristoe Station,’’ 1865, and Major General, 
U. 8. Army, ‘‘for gallant and meritorious services in the field dur- 
ing the Rebellion,’’ 1865. 

Since the close of the war he has been Superintending Engineer 
of surveys and improvements of the Upper Mississippi and _ its 
Tributaries, 1866-’70; of survey of the Battlefield of Gettysburg, 
Pa., 1868-’69, and survey of the Battlefield of Manassas, 1878; of 
Rock Island Bridge across the Mississippi, 1870; of the fortifications 
of New London and New Haven, Conn., 1870-’74; of the improve- 
ment of certain rivers and harbors on Long Island, 1870-’74; of 
construction of Block Island Breakwater, R. I., 1870-’82. 

He was a Member of Commission to examine Union Pacific Rail- 
road and Telegraphic Lines, 1868-’69, and Member of many im- 
portant Boards of Officers of the Corps of Engineers organized for 
the consideration of the plans and the execution of the works of the 
Corps, among which were the Board on Improvement of the Des 
Moines Rapids, 1867; Board on Bridge across Niagara River, at 
Buffalo, N. Y., 1870-’71; on Bridging the Ohio River, 1870-’71, and 
1878-’82; on plan for docks constructed for Breakwater at Chicago 
Harbor, Il., 1871; on the completion of Cincinnati and Newport 
Bridge over the Ohio, 1871; on the harbors of St. Louis, Mo., and 
Alton, Ill., and banks of the Mississippi, 1872; on Bridging the 
channel between Lake Huron and Lake Erie, 1873; on Ship Canal 
from the Mississippi to the Gulf of Mexico, 1873-’74; to examine 
the St. Louis bridge across the Mississippi, 1873; on the reclama- 
tion of the Alluvial Basin of the Mississippi, 1874-’75; on Mississip- 
pi bridges between St. Paul, Minn., and St. Louis, Mo., 1876, and 
on the improvement of the Mississippi from the Falls of St. An- 
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thony to Rock Island Rapids, 1878. He was engaged in the survey 
of the Battlefield of Groveton, Va., and in the preparation of cam- 
paign maps of certain operations in 1862-63 of the Army of the 
Potomae in Virginia. 

He was appointed a Member of the Advisory Council of the 
Harbor Commissioners of the State of Rhode Island, 1878. 

In 1870, General Warren was assigned to the charge of the 
surveys and improvements of various rivers and harbors in south- 
eastern Massachusetts; and in Rhode Island and Connecticut, on 
which duty and in the supervision of the construction and repair 
of the fortifications of New Bedford, Mass., of Narragansett Bay 
and of Newport, R. |., he remained until the time of his death. 

In scientific investigations General Warren had few superiors; 
and his elaborate reports on some of the most important works 
which have been confided to the Corps of Engineers are among the 
most valuable contributions to its literature. 

In the field, in the late civil war, he was a brave and energetic 
officer, and in the high command to which he attained by his pa- 
triotic valor and skill, he merited the admiration of the army and 
the applause of his country. 

He was kind and considerate in all the relations of life, and his 
family in its affliction will have the hearty sympathy of the Corps 
of Engineers. 

As a testimonial of respect for the deceased, the officers of the 
Corps will wear the usual badge of mourning for thirty days. 


By command of Brig. Gen. WRIGHT: 


GEORGE H. Euior, 
Major of Engineers. 


Cquipment for District Photography 
BY 


Capt. W. G. CAPLES 
Corps of Engineers 


The simpheity of modern photographic apparatus, together with 
the camera’s fidelity to detail, have led to the increasing use of 
photography on engineering projects. The intending purchaser 
of a photographic outfit or of supplies for such an outfit is con- 
fronted with a maze of equipment from which the most suitable 
articles can be selected only by a series of comparative tests which 
may cover the better part of a year. The writer has just com- 
pleted a series of tests for military outfits and has been requested 
to suggest some outfits especially adapted to district work and to 
embody a description of them in this article. 

At the outset, be it said that all standard lines of equipment are 
good, that each maker excels in some specialties, but that no maker 
is the leader in all lines, and that the prices of articles of the same 
quality are practically uniform regardless of make. Names and 
brands are freely mentioned, with the sole idea of selecting the 
best articles without regard to make and of combining them into 
suitable outfits. Nothing is claimed for the selections, beyond the 
fact that they are the ones indicated by somewhat limited tests and 
experience. 

The widest need seems to be for a small outfit, simple enough 
for the beginner, good enough for clear results of medium size and 
angle, strong enough to withstand moderate abuse, very compact, 
equally adapted for either rolls, films, or plates, cheap enough to 
be placed on each active project, and costing for operation so little 
that the number of views taken may be liberal. The conditions 
imposed necessitate a folding hand camera, constructed almost en- 
tirely of metal, with a focal capacity preferably more rather than 
less twice the diagonal of the plate, a broad, rigid, sliding bed and 
lens board support, the usual adjustments, an automatic stop for 
universal focus, and using the popular 314 by 51% inch plate. The 
optical equipment should consist of a low-priced moderate aper- 
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ture, symmetrical doublet, anastigmat lens set in a compound 
shutter with F system graduation for its diaphragm, giving ex- 
posures up to 1-250th of a second, operated with a wire release 
and fitted with a compensating filter. 

The camera proposed is the only one offered to meet all these con- 
ditions. Its tests: were entirely satisfactory, but the makers state 
that they expect to place even a better instrument on the market 
inside of the next year. 

The advanced amateur uses a small camera and secures prints 
by enlargement. The time required for enlarging and retouch- 
ing—sinee defects enlarge also—make this process of doubtful 
value as the sole reliance for large views in a district. The time 
of an employee will soon amount to a sum that represents the cost 
of a very large outfit if the enlarging method is followed. For 
contact printing, a large image and medium angle can be pro- 
vided only by a long focus lens and a large plate. This follows 
from the fact that the size of image at a given distance is in almost 
direct ratio to the focal length employed, while the useful angle 
is practically twice the angle whose tangent equals half the base 
of the plate divided by the focal length. 

The solution seems to be to place in each district one first-class 
central outfit giving large size images over a useful angle of 40° 
to 50°, and as many small local outfits, not less than one, that may 
be required for progress views, preliminary examinations and 
similar work. 

Three sizes of plates, 5 by 7, 644 by 814, and 8 by 10 have been 
considered for the central outfit. The 5 by 7 size may be had 
either in the hand or view types of camera, while the larger sizes 
are adapted only for the view camera. <A lens should have an 
equivalent focal length about equal to the diagonal of the plate, 
but, with a hand camera, a 7-inch lens is about as large as can be 
used on a 95 by 7 outfit. The different outfits compare about as 
follows : 
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*Inclusive of 12 plates. 
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The advantage of outfit No. 2 over No. 1 is so slight and its cost 
is relatively so high that only extreme compactness would commend 
its use. Outfit No. 3 has a decided advantage over Nos. 1 and 2, 
but is of the view-camera type, In which the 5 by 7 plate is dis- 
tinctly inferior to the larger sizes. The 5 by 7 size is not con- 
sidered suitable for a central outfit. 

The addition of a lens board and flange enables either the No. 4 
or the No. 5 outfit to do wide angle work, using the lens from local 
outfit, which will give about 65° on either the 614 by 81% or on the 
8 by 10 plate. Neither the No. 4 nor the No. 5 is excessively 
heavy or bulky, and the cost of both is moderate. . The relative 
costs are about as the relative sizes of image. The larger the 
image, the more useful the camera and the less the need of en- 
largement. The 8 by 10 can use a smaller plate, but the 6.5 by 8.5 
can not use a larger one. All considered, the 8 by 10 seems the 
best size, although the 6.5 by 8.5 gives very good results. 

Simplicity, rigidity, durability and adaptability (the essentials 
of a good camera) are the salient features of the camera recom- 
mended. One of this type has outworn more expensive cameras, 
even of the same make, and, at the Engineer School, is used in 
preference to newer and more expensive instruments. 

A symmetrical doublet is really two lenses in one and has just 
twice the value of an unsymmetrical lens for engineering photog- 
raphy. To utilize such a lens, the camera must have a focal 
capacity about double the focal length of the doublet. 

In the view field, as in most other fields, the anastigmat lens is 
supreme, but it does not seem necessary, for the work required, to 
pay the 25 per cent extra required for the extremely wide aper- 
tures. (F 6.3 and larger.) The engineer can pick his time and 
his hght, leaving motion alone to be considered. The lenses pro- 
posed work at F'6.8. This aperture and a Hammer Red Label 
plate in clear sunlight, in the average latitude of the United 
States, at about noon of the winter solstice, will complete an ex- 
posure in about 1-250th of a second. At this speed, objects 100 
feet or more from a 12-inch lens or 55 feet or more from a 6.5-inch 
lens, and moving not over 14 miles per hour will appear as if at 
rest. Furthermore, a higher speed calls for a focal plane shutter, 
since it 1s useless to put a fast lens on a slow shutter. The greater 
strength of the compound-shutter seems more desirable than the 
greater efficiency of the focal plane type. Automatic exposures 
with both are only approximate, while if the focal plane shutter 
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be left long on the high tension or allowed to rust, its work becomes 
very uncertain. High speeds, or rather, large apertures are in- 
separable from small depth of focus. In most cases, the pho- 
tographer will use tripod and filter and work at F 11 to F 23 to 
get depth and detail, reserving the speed work for such special 
occasions as require its use, 

The lenses proposed have been selected after a comparative test 
of several leading makes. These tests indicate that while all con- 
firm their maker’s ratings, the lenses proposed have the maximum 
covering power and uniformly exceed the cautious rating given 
by their makers. The lens on the local outfit seems to be the 
best of the cheaper anastigmats, while the lenses on central out- 
fits, except for speed, certainly equal any other view lens, regard- 
less of type or cost, and are about the lowest priced of the high- 
orade lenses. 

Plates are necessarily better than films. A lens focuses objects 
in different places only because it brings the images of all points 
so nearly into the same plane that the circles representing the 
points are so small that the eve sees them as points. If the emul- 
sion is not a plane surface perpendicular to the axis of the lens, 
some of these circles will be large enough to detect and the blurred 
image common to the back grounds of all large aperture work 
will be the result. The rigid glass of a plate, once made plane, re- 
mains so; but the flexible celluloid of the film must be pulled or 
pressed to a plane surface. The larger either plate or aperture, 
the more apparent is the difference. A rough comparison of nega- 
tives leads the writer to believe that a good plate has more grada- 
tion (more grades of light shadow) than the roll films. Upon 
gradation depends detail in shadows and monochrome subjects. 
Detail is specially desirable in engineering work. 

Plates are from 20 per cent to 30 per cent cheaper than roll 
films, and soon make the difference felt in the bill. Consider for 
one moment that a single good flash of actinic hght will destroy 
all sensitive material within its reach, and it is evident that claims 
for ‘‘day-hght-all-the-way’’ must be taken with a pinch of salt. 
The prudent man will either use a dark room or work at night in 
a darkened room, which amounts to the same thing. In either 
case, plates can be used as well as films. A small supplementary 
outfit 1s strongly recommended as an addition to local outfits to 
fit them for plates. The only change involved is one of method of 
development, the factorial method deseribed below being con- 
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sidered best for the small number of plates used. If daily prog- 
ress views are wanted, either the same method must be followed 
with films or an entire roll used each day. 

Many illustrations in the Mrmorrs come from an old outfit 
identical with the view camera outfits proposed. The lens has 
been sadly mistreated until the cement has run, and the camera 
has been racked by hard field service. The quality of results 
speaks for the highest standard of the equipment. The views, 





Fig. 3. Back combination alone and complete, 614-ineh doublet on 314%, by 5% 
plate. Both views from same point. 


from a local outfit, accompanying this article were all made as 
tests under the most unfavorable conditions that could be had. 
In all of them, the lens has been made to do work equivalent to 
covering an 8-inch circle. 

Two developing methods, the factorial and the time-tempera- 
ture, combine simplicity with certainty. Factorial development 
depends upon the fact that for a given developer the time of first 
appearance of any trace of image bears to the time of full develop- 
ment a fixed ratio, known as the Watkins factor. This method 
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is specially adapted to tray development but may, with less pre- 
cision, be applhed to open tank development. The time-tempera- 
ture method depends upon the fact that for a given developer and 
a given plate, the time of development depends upon the tempera- 
ture of the bath. Weak baths, exhausted by a single batch of 
negatives, are generally used. Since circulation of the bath is 
poor, too strict timing may cause under-development in weak 
baths. There is little danger of over-development. At the Engi- 
neer School, plates are left in a weak bath twice the computed time 
and emerge as clear brilliant negatives. Unless ice is available to 
control the temperature, a preliminary hardening in a 6 per cent 
solution of formaline is advisable. 

All the outfits have been designed for the normal use of the 
time-temperature-tank method. For the application of this meth- 
od, two patented specialties, the Kodak film tank for films and 
the Core frame for plates are easily leaders. The former is so 
generally known as to require no special description. The latter 
is scarcely known outside the professional trade. A Core frame 
is a brass, rubber-cement-protected rim, into which a plate is slip- 
ped as it comes from the holder and left until after the final washing 
and drying. One edge of the rim is extended to form a support 
on the edges of the tank. One’s hands do not touch the solution, 
all danger of seratching the wet emulsion is eliminated, and the 
plate may be examined at any time. 

Professional photographers escape the high cost of equipment 
and get articles exactly suited to their use by building their own. 
Wooden boxes, with tight joints and painted inside and out with 
‘*Mogul,’’ ‘*Probus,’’ or even common asphaltum paint or lined 
with oil cloth, answer every purpose for which the more expensive 
tanks, trays, and washing boxes are intended. 


DEVELOPING OR FIXING TANK, WASHING BOX, AND’ RUBY LAMP. 


The developing and fixing tanks are exactly alike, and may be 
plain or may have grooves as shown to permit the photographer 
to place a cover on them and then leave the dark room. ‘The 
washing box may be plain, water entering from a hose at one end 
and overflowing at the other. A better arrangement is for the 
water to enter through a perforated pipe under a perforated false 
bottom and overflow through weep holes near the top. <A_ light- 
tight box, except for a glass double door, and provided with an 
incandescent bulb makes a ruby lamp. The inner door should 


EQUIPMENT FOR DISTRICT PHOTOGRAPHY. 221 


be of ground glass and the outer of ruby glass or a special glass 
for othochromatic plates, known as ‘‘isochrom safe light.’’ The 
amount of light is regulated by two flaps of post-office paper ar- 
ranged as shown. ‘Trays are merely open boxes. 

Machine printing gives certain results and enables all printing 
to be done before developing is commenced, avoiding any fatal 
trace of moisture being carried to the unprinted paper. A ma- 
chine will pay for itself in the paper saved alone. Since the 
source of light is constant and at a fixed distance, there is no 
question about the time required for printing, no matter how long 
since the negative was used, if, when first made, a notation of the 
time be placed in one corner of the plate, e. g., C. 3.5, meaning’ 
that the negative in the machine will give a Cyco print in 3.5 
seconds. The printing quality of a fresh negative is generally 
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ae 4. Developing or fixing box, washing box, and ruby lamp. Showing also 
use of core frames. 


determined by comparison with one of known printing quality, 
but a test slip may be used if desired. <A glance at the printer in 
a central outfit will show how to build a home-made one for a local 
outfit that happens to have electric current available. 

A print washer is needed only in cramped quarters, an open 
sink with vertical screened overflow answering the same purpose 
when space is available. A drying rack, consisting of sheets of 
white cheese-cloth on open frames, should be built. Their con- 
struction is so simple that ready-made ones are not on the market. 
Prints dried face down on cheese-cloth dry rapidly and without 
enrl: 

The following lists show each article in the different outfits, a 
brief specification, and the name of the maker. 
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VIEW SECTIONS FOR CENTRAL OUTFITS. 
Plate Outfit, Sizes 64% by 816 and 8 by 10. 


Camera equipment. *‘Empire State No. 2’’ camera, with **Com- 
bination’’ tripod (No. 214 for 614 by 814, No. 3 for 8 by 10), 6 
‘‘Universal’’? double plate holders, ‘‘Professional’’ focusing cloth, 
in canvas ease suitable for carrying entire view section. (Hastman, 
R08) Divisions) 

Optical equipment. Dagor lens (No. 5 for 64% by 81%, No. 6 for 
8 by 10) in compound shutter F' system graduated and with wire 
release, and with No. 2 Goerz compensating filter (Goerz). 

Sundries. Wynne Infallible Exposure Meter with F system dial 
(Murphy). 

Pocket magnifyer (Eastman Magnifying Glass for Focusing, No. 
202 or equal). 

Manual,t ‘‘ The Book of Photography,’’ Hasluck. 

Note book, ‘‘Welleome’s Exposure Record and Diary,’’ or 
‘“Wolfe’s Record of Exposures.’’ 

This outfit may be had also in the 5 by 7 size, using the Dagor 
No. 3 lens, but it is believed that where considerations of bulk lead 
to the selection of so small a size of plate, the next outfit will be 
found preferable. The estimated costs of the different sizes are: 
8 by 10, $135.00; 614 by 814, $115.00; 5 by 7, $100.00. 


Plate Outfit, Size 5 by 7. 


Camera, complete. ‘‘Manufoe-Tenax’’ size 5 by 7, No. 2 Dagor 
lens, No. 2 compensating filter, compound shutter F graduated and 
with wire release, 6 double metal ‘‘Tenax’’ plate holders, focusing 
screen, and 36 by 36 inch rubber focusing cloth (Goerz). 

Tripod. Combination (Hastman). 

Sundries. Wynne Infallible Exposure Meter, F system dial 
(Murphy). 

Pocket magnifyer (Kastman Magnifying Glass for focusing, No. 
202 or equal). 

Note book, ‘‘Wellecome’s Exposure Record and Diary,’’ or 
‘“Wolfe’s Record of Exposures. ’’ 

Case. Canvas ease with handle and elasp, built like suit-case and 
made expressly to hold above listed articles as compactly as pos- 
sible. 


Reference book. ‘‘The Book of Photography,’’ Hasluck. 
The estimated cost of this outfit is $115.00, but it is so compact 
that it may be shpped into a suitcase along with other baggage. 


Plate Developing Section for Central Outfits. 


(Size of articles marked * to be suited to size of plate used.) 
*12 Core frames (Curry). 





+Not carried in carrying case, but kept at office for reference. 
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(M) *1 developing tank, hard rubber (Curry). 

(M) *1 fixing tank, hard rubber (Curry). 

2 graduates, *‘Tumbler,’’ sizes 8-ounce and 16-ounce (Kastman). 

1 hydrometer (reliable). (Hastman.) 

1 interval timer, Thayer No. 1 (Burke & James). 

(M) 1 negative rack, Century (Eastman). 

1 plate brush, rubber bound and set, camels hair, 3-inch (Kast- 
man). 

(M) 1 Ruby lamp (electric) ‘‘Studio’’ (Kastman). 

1 scales and weights, ‘‘R. O. C. Balance’’ (Kastman). 

2 stirring rods, hard rubber, 10-inch (Eastman). 

1 thermometer (reliable). (EKastman.) 

(M) *1 washing box, R. O. C. negative washer, suited to take size 
Core frame used (Hastman). 

Articles marked (M) can be built by a carpenter at a distinct 
saving in cost and without any loss of quality or suitability. The 
cost, inclusive of articles marked (M) is estimated, viz: 5 by 7, 
$23.00; 614 by 814, $27.00; 8 by 10, $28.00. The cost of the items 
marked (MM) is viz: 5 by 7, $11.10; 614 by 814 and 8 by 10, $14.35. 


Printing Section for Central Outfits. 


s 
ZI 


(Size of articles marked * to be suited to size of plate used.) 
-1 printing machine (electric), Ingento Rapid Printer, Style A 
(Burke and James). 

*] printing frame ‘‘Century’’ (Eastman). 

(M) *1 print washer, Ideal No. 4 (No. 3 for 5 by 7). (Burke & 
James. ) 

1 squegee, Ingento, 12-inch (Burke & James). 

1 trimming board, ‘‘New Monarch,’’ 12-inch (Eastman). 

*2 enameled trays, seamless (Kastman) or ‘‘Ingento’’ (Burke & 
James). 

Article marked (M) can be replaced by washing sink built in 
dark room. The cost of this item is about $6.75 for 614 by 814 and 
8 by 10, and $4.50 for 5 by 7. The estimated cost, inclusive of 
article marked (M) is $21.00 for 5 by 7, and $24.00 for 6144 by 814 
and 8 by 10 sizes. 


Local Outfit Complete. 3.25 by 5.5 Roll Film. 
View Section. 

1 camera, complete. Special Film Tenax, size 3.25 by 5.5, with 
6.5 inch Syntor lens, compound shutter graduated in F' system, 
wire release and No. 2 compensating filter (Goerz). 

1 tripod: folding head (Eastman). 

1 exposure meter: Wynne Infallible, F system dial (Murphy). 

1 note book: ‘‘ Welleome’s Exposure Record and Diary’’ or 
‘*Wolfe’s Record of Exposures.’’ 

The estimated cost of the view section is $59.00. 
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Developing and Printing Section. 

1 developing tank: Kodak, 31-inch film tank, complete (Hast- 
man). 
eraduate: Tumbler, 8-ounce (Hastman). 
film clips, pair: Ingento, 4-inch (Burke & James). 
manual: ‘‘The Modern Way in Picture Making.’’ (Hastman). 
printing frames: Century, 5 by 7 (Eastman). 
push pins, dozen: Moore’s, glass head. 
ruby lamp: Ingento No. 9 (Burke & James). 
scale, weighing: Ingento No. 2 (Burke & James). 
shears, pair: Good quality 8-inch shears. 
trays, seamless enamel: One each, 314 by 51%, 5 by 7, 614 by 
814, and 8 by 10, to nest (Hastman) or Ingento (Burke & James) 
or Elite (Murphy). 

The estimated cost of the developing and printing section is 
$10.00. 
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Supplementary Plate Outfit. 

1 case: Canvas, with clasp, to hold articles below lsted (Goerz). 

1 focusing screen: Tenax plate back (Goerz). 

3 plate holders: Tenax, single, metal (Goerz). 

The estimated cost of the supplementary outfit is $3.50. 

Case for Outfit. 

No case is regularly provided. The view section can be carried, 
along with other baggage, in a suitcase. If it is desired to pack 
the whole outfit into a single container, a suitcase will be found 
suitable. 


The costs of all outfits are based upon the existing list prices and 
government discounts, both of which are subject to change. 


It may be desired to enlarge a negative from a local outfit or a 
detail from a larger negative. The arrangements can be made by 
an ordinary carpenter and at a cost of about five or six dollars. 
Full directions appheable to enlarging with a local outfit are given 
in the advertising literature for enlarging with folding pocket 
kodak. Any arrangement that turns the camera into a magic 
lantern, excludes hght other than that passing through the lens, 
and insures parallelism of plate and easel will serve. 


ENLARGING ARRANGEMENTS FOR VIEW CAMERA, 


The arrangement consists essentially of a frame to set under a 
window sash, a common mirror, an opening with a boxing a little 
larger than the camera back, a piece of heavy black cloth tacked 
to the boxing and long enough to stuff around the camera to shut 
out hght leaks, a shelf with guides for the camera, parallel guides 
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on the floor, and an easel 20 by 25 inches or larger, painted dull 
white or evenly covered with drawing paper. The ground glass 
of the camera serves as a diffuser. A plate holder, with a suitable 
opening cut in the partition, serves as a negative holder. A read- 
ing glass and a ruby-glass lens cap complete the equipment. 

The work of such an outfit, while not critical, produces no 
serious distortion in a view and, depending upon the negative, 
will give work as large as required. To insure that a negative 
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Fig. 5. Arrangements for daylight enlarging. 


will enlarge well, a tripod, small stop, and medium or slow plate 
should be used. 

Nowhere will care and ingenuity in design be repaid better than 
in the dark room. <A badly arranged dark room is a_ prolific 
source of trouble and expense. Pyro or hypo, spilled on the floor 
and allowed to dry, will blow about and ruin materials to many 
times the cost of a properly arranged room. Once these de- 
stroyers are turned loose in a room they are very difficult to drive 
out. 
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All liquids should be handled in sinks or tubs having free open 
drainage. Water-proofed, reinforced cement is used for making 
these articles, unless more expensive ones are purchased. In a 
temporary room, such as would be found on a construction pro- 
ject, wood painted with asphaltum makes an inexpensive substi- 
tute. The general principles to be followed are that the arrange- 
ments should insure against spilling liquids on the floor and permit 
the different operations to be carried out in orderly sequence. 


ARRANGEMENTS FOR HANDLING PAPER. 


Of course, space is generally limited, so that the commodious 
arrangements shown must be modified to suit existing conditions. 

Frames set in the windows and arranged with open ventilators, 
so that hght enters vertically upward and makes four right-angle 
turns in dull black painted passage, and similar arrangements on 
the door panels will give ventilation without light. Moisture will 
quickly ruin material costing more than the ventilators. 

For reliability, uniformity, and gradation, the Hammer plates 
ean be recommended. High speed calls for the Red Label, but 
the finer grain of the slower plates makes them better for enlarg- 
ing. The othochromatic plate should be used with the filter sup- 
plied in each outfit. Eastman N. C. film, however developed, and 
Kastman Speed film, except when tank developed, uniformly give 
excellent results. Tests of other roll film did not prove satisfac- 
tory. 

It may surprise some to know that many prints in the finest 
galleries are on the same type of paper offered the amateur trade, 
while the demand among inferior professionals for ‘‘seconds’’ and 
even ‘‘thirds’’ of the amateur brands exceeds the supply. Each 
maker of developing paper produces twenty or thirty combina- 
tions of surface and contrast in different grades of the same brand 
to meet varying requirements, since papers of this class have little 
latitude in working. A single surface, matte or semi-matte, prin- 
cipally in the soft contrast, but with a little of the medium and 
hard grades will answer nearly every requirement. Cyco seems to be 
the professional favorite, but the writer’s tests indicate that 
either Argo matte or Cyco plat are about equally suitable for 
views; the difference, if any, favoring the Argo. Either paper 
will do for enlarging also, but is painfully slow. Bromide is pre- 
ferred for this class of work. 
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Plates, films, and papers are guaranteed usually for one year 
from date of manutacture. The guarantee should not be more 
than one-fourth expired at date of delivery, as the fresher the 
better is the rule with such products. 

After running the gamut of all classes of developers, professionals 
generally settle down to pyro in ‘‘A. B. C.’’ formula for plates and 
edinol or metol in combination with hydroquinone for paper. So 
far as the writer has observed, the single developer formula, here- 
after given, gives everything there is to be gotten out of either 
plates or paper. However, the manufacturers are constantly ex- 
perimenting and publish their results in the directions with each 
package of sensitive goods and the manuals which they will send 
free upon request. An up-to-date lst of these manuals should be 
on hand and their directions and formule carefully followed. 
Many manufacturers base their formule upon certain ehemicals 
which they handle or recommend to protect the users of ther 
goods. A good rule is to buy these chemieals. 

For the man who uses but a single developer, either Rodinal or 
the following formula can be recommended : 


Stock. (Dissolve in order given. ) 


Water 3-65 eee 10 ounces | Hydroquinone.______sagaeee 30 grains 
Acetonesulphite (Bayer) ____ 150 grains Potassium Bromide (Crystal). 15 grains 
Sodium Sulphite (dessicated) 450 grains Potassium Carbonate (dessicated) 2 ounces 
Edinol 222 23) eee 60 grains 








= ~ 

Tray developer. Watkins Tank developer. 20 min- | Paper developer. Bromide 
factor 10. utes at 65° F. | or Gas light. 

Stock. 2S ee Lparti| Stocks Se aeaeedeeas ne 1 part.) Stock eee ] part 

Walters 2 St ees 4: Darts |) Wthersa ee eee 16 parts) Waters. 8 parts 








A fairly complete list of expendable supphes commonly used is: 
absorbent cotton, brushes, chemicals, cheese cloth, glassware and 
glass, mounts, negative albums or preservers, note books, paste, 
plates or films, photo-preparations (a few), paper push pins, 
albums, refills for exposure meter, repairs, twine, varnish or paint. 

Non-expendable supphes can ordinarily be limited to aprons, 
bath towels, chamois skin, and photo clips. 

Negative albums for films and negative preservers (brown 
‘paper envelopes) and empty plate boxes for plates, with album 
of prints for an index, make a satisfactory filing system. <A print 
should be filed back to back with each negative. Then a hurry eall 
for a print does not take a man from other work to do the print- 
ing. <A print pasted on the negative preserver is a help, but not 
essential where a record album index is used. 





*Approximate. Should be tested for plate used. 


a: fixing Loox 


(/) Shelves 


(8) Washing Box 


(BD Thrting Machine (7) Lyying Hack 


(4) Developing Tray (10) uby Globe 


(2) Tab/e 






) 


XXX) 

eee 
. 
© 


AX 
SX 


\ 
XY 


(DZ) Frirsth rg Tray WI) Faucess IOSe 


(6)/tough Table Tape 


(/) 















: 
kK 


XXY IAW) 
XY 


NK 























RIKIROY 







Arrangements for handling paper. 
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@Organtsation of the Services of Public Warks 
in France” 
Translated by 


Maj. F. A. MAHAN 
Corps of Engineers, Retired 





(Continued from No. 79) 
ORGANIZATION OF THE PERSONNEL. 


The Constituant Assembly maintained the organization of the 
Corps of the Ponts et Chaussées as it has been set under the old 
régime by the decrees of December 31, 1790, and of May 25, 1791. 
But the direction of the Service was transferred from the Depart- 
ment of Finances to the Department of the Interior, which had 
among its duties: ‘‘The maintenance and execution of the laws con- 
cerning mines, mineral deposits and quarries, roads, bridges, and 
other public works, the preservation of navigation and rafting on 
rivers and towing along their banks, the direction of objects re- 
lating to buildings.’’ (Art. 7 of the decree of May 25, 1791.) 

Two separate divisions were formed at the Department of the 
Interior: that of Mines and that of the Ponts et Chaussées. The 
decrees of Fructidor 7, Year XII (August 25, 1804) and of Aug- 
ust 7 and November 7, 1810, converted these divisions into diree- 
tions and a royal ordinance of July 17, 1815, united them under a 
general direction, which was a first step toward a distinct depart- 
ment. ‘The extension of publie works brought about the creation 
of this department after 1830, and the ordinance of May 17, 1831, 
instituted the Department of Agriculture, Commerce and Publie 
Works. It was separated in 1839, and the Department of Public 
Works was born. But it was suppressed by the second Empire, in 
1853, and the Public Works were again made part of the Depart- 
ment of Agriculture and Commerce. It was only reestablished 
by the decree of July 17, 1869, since when it has always led an 
independent existence. It has charge of everything relating to 





“Translation of ‘‘Organisation des Services des Travaux Publics en France,’’ by 
M. Campredon. Brought up to 1912 by the translator. 
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the construction, repair, or maintenance of all the great works of 
public utility carried out by the State and it supervises all those 
which are granted to concessionary companies. 

The entire Service of the Ponts et Chaussées belongs now to the 
second direction of this Department, the Direction of Roads and 
Navigation, which is itself subdivided in two divisions: 

First division, Highways and Bridges; second division, Naviga- 
tion. 

The first division includes two bureaux.* The first directed by 
a chief of bureau with an assistant chief, two rédacteurst and two 
expeditionnmres. It has charge of the national roads, their classi- 
fication, construction, rectification, and maintenance; removal of 
buildings overlapping the sides of the roads; planting and care of 
trees. 

Thermal roads in the Pyrenees; forest roads in Corsica, their 
completion and maintenance; the pavements of Paris, questions 
relating to the share of the State in the cost of maintenance; 
bridges, construction and maintenance of bridges which are parts 
of national roads; bridges and foot-bridges in Paris; legal matters 
relating to these various services. 


2d Bureau. Office force: One chief of bureau, one assistant chief, 
two rédacteurs, and one exrpéditionnaire. It has charge of depart- 
mental roads; roadway police; hands employed on roads; national 
touring office; automobiles; declarations of puble utility for 
works on departmental roads; regulation of sides of the roads; kilo- 
metric and intermediate marks; roadway police, regulation of traf- 
fie, ete.; dues for occupation of and standing on the roads; permits 
for the use of the roads otherwise than for travel; laying water and 
gas mains; hands employed on national roads; general studies re- 
lating to the maintenance of roads, rolling and tarring; road sta- 
tistics; examination of the projects for communal works com- 
municated by the Minister of the Interior; studies for the distri- 
bution of water in cities; purifying of sewage waters; grounds for 


*The office forces here given are those of 1912; they may vary greatly 
according to work, circumstances, and available funds. They are composed 
mainly of clerks recruited by direct examinations in which legal rather than 
technical instruction is favored even for public works. 

thédacteurs are clerks of a high order, able to prepare reports and various 
administrative papers from notes furnished, and to see that all documents are 
in proper legal form. Hapéditionnaires are also clerks, but rather more of 
copyists. 
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target practice; military railways; national touring office; con- 
eresses of the road; general regulation of the circulation of auto- 
mobiles; immatriculation; examination of drivers; claims; sub- 
ventions for public automobile services. 


The second division, that of navigation, includes four bureaus. 


1st Bureau. Office force: One chief of bureau, one assistant chief, 
four rédacteurs, and two exrpéditionnaires. It has charge of sea- 
ports and of the light-house service; construction, improvement, 
and maintenance of commercial seaports; nautical commissions ; 
operating and equipment; concession, construction, and operating 
of railways on the quays of seaports; dikes and works of defense 
against the sea, organization and working of the syndical asso- 
cliations for constructing these works; concessions of polders* and 
of las and relaist along the sea; marking and preservation of the 
maritime public domain; light-house and beaconage service of the 
coasts of France and Algeria, construction and maintenance of light 
houses, lighted and day beacons, sea and land marks; legal ques- 
tions arising in regard to these services. 


2d Bureau. Office force: One chief of bureau, one assistant chief, 
two rédacteurs and two expéditionnares; navigable rivers and 
those used for rafting; maintenance and improvement of navi- 
gable rivers or those used for rafting and of the works which be- 
long to them; operating and equipment; concession, construction, 
and operating of the railways on the quays of river ports; works 
of defense against rivers and torrential streams; organization and 
working of the syndical associations for carrying out these works; 
ferry services; tying-up dues, for the profit of communes, on the 
dependencies of the river public domain; announcement of floods; 
service of inspection of the ports in the basin of the Seine for the 
supplies of Paris. 

Fishery police and fishing in canals and canalized navigable 
streams, not included in the dependencies of maritime fishing. 

Concession and regulation of water powers and power stations 
and taking water from streams and canals of the public domain. 

Legal questions relating to these services. 





“Polders are the low, marshy tracts of ground lying along the North Sea, 
which have been drained and given over to agriculture. . 

+Lais and relais, a tautological expression, as each word means the same 
thing: ground made along the side of the sea or of a stream by the sea or 
the stream itself. 
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3d Bureau. Office force: One chief of bureau, one assistant chief, 
one rédacteur, two erpéditionnaires. Canals for navigation; con- 
struction and maintenance of canals for navigation; operating and 
equipment; concession, construction, and operating of railways on 
the quays of canal ports; supervision of canals for which conces- 
sions have been granted; navigation for pleasure; suspension 
of use for navigable highways; works for water supphes intended 
solely for canals; legal questions relating to these services. 

4th Bureau. The assistant director in charge of the 2d Division 
has charge of this bureau. Office force: one assistant chief of bu- 
reau, one sub-engineer of the 2d class of the Ponts et Chaussées, 
three expéditionnares. General studies and statistics of naviga- 
tion; general questions and studies of the service of navigation ; 
relations between railways and navigable highways or seaports; 
questions arising from the competition of the French inland navi- 
gable highways with other lines of transportation; centralization 
and coordination of statistical information regarding navigation 
in France; publications of the service of navigation; sundry ques- 
tions concerning navigation in foreign countries; preparation and 
revision of the map and of the official guide for inland navigation ; 
international congresses of navigatiou. 

The decree of June 28, 1909, makes mention of two new classes 
of the inland navigation force, viz: machinists or firemen and as- 
similated agents, charged with the service and maintenance of 
machines of any kind which require special knowledge or capacity. 
They are divided into four classes and receive the following yearly 
pay: 

Conductors of the 2d class: 3,000 and 2,800 franes; conductors 
of the 3d class: 2,600 and 2,400 franes; conductors of the 4th class: 
2,200 and 2,000 frances. 

Sub-engineers and conductors may also receive commutation for 
quarters and various other allowances laid down by the regula- 
tions. Sub-engineers and conductors are appointed by the min- 
ister, who fixes the effectives of each class in accordance with 
budgetary funds. Promotions from class to class require service 
of three years in the lower class. To obtain the higher pay in a 
class, a service of at least two years at the lower rate is necessary. 
The beginning in each class must be at the lower rate. Successive 
increases of pay are made by seniority, provided that no discipli- 
nary measures have come in. 

(It may be well to mention, before going further, that France is 
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divided, including Corsica, into 87 departments, 362 arrondisse- 
ments, 2,899 cantons and 36,170 communes. At the head of each 
department is an administrative officer, appointed by the Depart- 
ment of the Interior, called the prefect, who resides at the prin- 
cipal town of the department. A sub-prefect, also appointed by 
the Department of the Interior, is at the head of the arrondisse- 
ment and resides at its chief town, where is also to be found a 
court of first instance. The canton is simply a division of the 
arrondissement. The commune is presided over by a ‘‘maire’’ 
elected by the voters of the commune. The department and the 
commune are civil persons to receive legacies, ete. The arrondisse- 
ment and canton have no such existence. 

The roads of France are divided into four classes; the national 
roads, the department roads, the communal (or vicinal) roads and 
the country roads. The national roads are created, according to 
their importance, by a law or by a presidential decree. Funds 
must be provided by law. The other three classes of roads are 
provided for from departmental funds; they fall under the charge 
of the Interior Department, the Department of Public Works in- 
tervening only when requested by the Department of the Interior. ) 


A permanent council, called the General Council of the Ponts 
et Chaussées, exists In the Department of Public Works, where it 
takes, as a consulting body in regard to all matters concerning the 
Service of the Ponts et Chaussées, and in relation to the Minister 
of Public Works, much the same part as does the Couneil of State 
in regard to the Chief of the Executive Power. Trudaine used 
to bring together every Sunday, at his house, an Assembly of the 
Ponts et Chaussées to discuss the most important projects and the 
principal matters relating to the Service. This Assembly may be 
considered as the embryo of the present council. The decree of 
Fructidor 7, year XII (August 25, 1804), which reorganized the 
Corps of the Ponts et Chaussées, made of this almost private as- 
sembly an official council with very marked and widely extended 
powers. At the beginning, in spite of the extent of the territory, 
the slowness and difficulty of communication and the many works, 
it included only 5 inspectors general, who never left it, and 15 
division inspectors. The Director General of the Ponts et Chaus- 
sées was the President of the Council at which were present 9 
auditors of the Council of State, attached more particularly to 
the Administration of the Ponts et Chaussées and having a deliber- 
ative voice. There were discussed all projects of works presented, 
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all legal matters, all questions relating to works of art.* The 
opinion of this Council was transmitted by the Director General 
to the Minister in the form of a report, but the Minister could take 
no action without the Emperor’s consent. The composition of 
the council was afterwards changed several times, especially by 
the decrees of June 17, 1854, of September 15, 1869, and by the 
decisions of May 5, 1863, and of December 19, 1878. The present 
composition of this council is: 


The Minister of Public Works, President. 

The Councillor of State, Director of Roads, Navigation, and 
Mines. + 

The Director of Railways. t 

The Director of Personnel and Accounts; these three being per- 
manent members of the Council. 


The Directors of Control of railways of general interest take 
part in the deliberations with a right of vote in matters belonging 
to the direction of railways. 

The other members of the Council are 11 Inspectors General of 
the first class, one of whom is the Vice-President, and 18 In- 
spectors General of the second class, of whom one is the Secretary 
of the Council; one, on duty with the Navy Department, has 
general charge of the inspection of hydraulic works, and one is 
director of the light-house service. 

This Council holds its meetings every Thursday at 2 p. m. 


The Council is divided into the four following sections : 


Ist Section. Has charge of roads, railways of local interest, tram- 
ways, and administrative matters relating to distributions of 
electric energy. 

It is composed of: 2 inspectors general of the first class, one of 


iad 


whom is president; 5 inspectors general of the second class; 2 
chief engineers of the first class as secretaries. 


*The term works of art (travaux or ouvrages d’art) is applied in France to 
all works aside from the waterway proper; locks, bridges, ete., come under this 
head. 

+There has been added to the Department of Public Works, according to the 
annual Year Book for 1912, which has appeared since this was written, a new 
direction: that of Mines, Distributions of Electric Energy and Aeronautics, of 
which the Director is also a member of General Council of the Ponts et Chaus- 
sées. He takes place after the Director of Personnel and Accounts. 

tAccording to the Year Book for 1912, the Director of Railways is also 
Councillor of State. 
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2d Section. Has charge of inland navigation; hydraulic service; 
fishing; communal works; questions relating to the utilization of 
natural motive powers. 

It is composed of: 2 inspectors general of the first class, one of 
whom is president; 5 inspectors general of the second class; 2 
chief engineers of the first class as secretaries. 


3d Section. Has charge of seaports; hght-house service. 

It is composed of: 2 inspectors general of the first class, one of 
whom is president; 5 inspectors general of the second class; one 
ordinary engineer of the first class as secretary. 

4th Section. Has charge of railways of general interest. It is 
composed of: 3 inspectors general of the first class, one of whom 
is president; 3 inspectors general of the second class, all of whom, 
while belonging to the General Council of the Ponts et Chaussées, 
are supervising directors (directors de controle), and 3 chief engi- 
neers of the first class who are also supervising directors of rail- 
ways. These three chief engineers form a part of the general 
council only when matters relating to the railways to which they 
are attached have to come before the council. This section has a 
chief engineer of the first class as secretary. 

One of the inspectors general of second class belonging to the 
council is its secretary, as a general rule. With him are associated 
at present: one chief engineer of the first class as assistant secre- 
tary; one chief engineer of the first class who prepares the minutes 
of the meetings of the council, and one ordinary engineer of the 
third class as assistant to the secretary. This last is, as a rule, the 
student who graduated at the head of the last class to leave the 
school of the Ponts et Chaussées; he holds his place for a year. 

All engineers of every grade, whether on duty or on leave of ab- 
sence in Paris, may be present at a meeting of the council when 
matters concerning their services are under discussion. The 
council may also call on them for information under such cireum- 
stances. 

The sections act only on such matters as are not of sufficient im- 
portance to justify their being sent to the full council. 

The office force of the.secretary’s office is composed of a chief 
of bureau, an assistant chief, 5 clerks of various grades and a 
principal draughtsman detached from the School of the Ponts et 
Chaussées. 

The above organization of the General Council of the Ponts et 
Chaussées is that given by the Year Book of 1912. It differs very 
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materially from that found on pages 32 and 33 of Campredon’s 
book on the Organization of the Services of Public Works in 
France; but it is sixteen years since that work appeared and many 
changes have been made. 

The duties of the General Council of the Ponts et Chaussées as 
laid down by the decree of Fructidor 7, Year XII, were as follows: 
‘“The General Council will give its opinion on the projects and 
plans of works and on all questions of art and accounts which may 
be submitted to it and as to which a report shall have been made by 
those of its members who have been directed to examine them. 
The General Council will also give its opinion on legal questions 
of the administration in regard to the establishment, regulation 
and police of water works. It will also be consulted, necessarily, 
on all legal questions which are to be brought before the Council of 
State or to be decided by the Minister.’’ The Council, therefore, 
ean only advise or give an opinion, and the solution which it adopts 
is never binding on the administration and still less on the Council 
of State. 

There are, in addition to the General Council of the Ponts et 
Chaussées, a certain number of permanent commissions or boards 
which sit in connection with the central administration and come 
directly into contact with the Ponts et Chaussées. Among the 
most important of these is the Mired Commission of Public Works, 
which has to study matters connected with both the military and 
civil services because both are in action on the frontier zones. The 
origin of this institution is found as far back as 1776, in an ordi- 
nance of Turgot’s, in which it is laid down: ‘‘that hereafter none 
of these works shall be constructed by the Administration of 
provinees or cities, or even by the civil engineers, unless the pro- 
jects thereof shall have been communicated to the Manister of 
War.’ But the mere appreciation of engineers who were exclu- 
sively in charge of military interests did not offer a sufficient guar- 
antee. So the law of January 19, 1791, while confirming the 
military servitudes of the frontier zone, created a mixed Assembly 
composed of members of the Corps of the Ponts et Chaussées and 
of the Corps of Military Engineers to advise upon the works in 
regard to the lines of communication of this zone. This law says: 
““When it is a question of works which are of interest to the 
roads and communications on the frontiers, and of works to be 
done in naval or commercial ports where the military marine is 
received, the projects will be discussed and examined in a mixed 
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Assembly composed of representatives of the Assembly of the 
Ponts et Chaussées and of representatives of the Corps of Engi- 
neers of the Army. The result of this examination will be laid 
before the Military Committee and the Committee of the Ponts et 
Chaussées of the National Assembly sitting together; and the 
legislative body will enact such legislation as shall be necessary in 
accordance with the report of these two committees.’’ This mixed 
Assembly, modified under the first Empire by the decrees of June 
20, 1810, and August 4+, 1811, was reorganized by the ordinanee of 
September 18, 1816. ‘‘We are convineed,’’ said the statement of 
reasons (H.xrposé des Motifs) of this ordinance, ‘‘that the object of 
the formation of this Commission was to bring about in the exami- 
nation and discussion of all projects for public works which may 
concern at the same time the military, civil, and naval services, a 
harmony of views between the various engineers attached to these 
three departments, so that this concerted action might lead to means 
of reconciliation in case of divergence of views and public interests 
between the various services, or offer on either side all the reasons 
which might cast h¢ht on the decisions to be taken by our ministers 
in case of dispute, and also to give, in the carrying out of any pro- 
ject whatever for mixed public works, the guarantee that they have 
been adopted under considerations which determine the true in- 
terests of the State.’’ 

The same ordinance laid down that the Commission should be 
composed of : 

One general officer of Engineers, member of the Committee of 
Fortifications ; 

One inspector general, member of the Council of the Ponts et 
Chaussées ; 

An inspector general of the Ponts et Chaussées, attached to the 
Navy Department ; 

Two secretaries from the Couneil of the Ponts et Chaussées and 
from the Committée of Fortifications. 


This mixed Commission of Public Works was successively modi- 
fied afterwards by the ordinances of December 28, 1828, of July 
31, 1841, and of October 25, 1845. The law of April 7, 1851, com- 
pleted by the decree of August 16, 18538, fixed the present (1896) 
composition finally as follows: 


Four councillors of State, one of whom is president of the com- 
mission ; 
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One inspector general of Artillery. 

Two inspectors general of the Military Engineers ; 

One brigadier general, member of the Committee of Fortifica- 
tions ; 

Two inspectors general of the Ponts et Chaussées ; 

One general officer of the Navy; 

One inspector general, member of the Council of Works of the 
Navy. 


These members are all appointed by decree and have a vote. 
The following are also de jure members of the Commission, but 
without a vote: 


The Secretary of the General Council of the Ponts et Chaussées ; 

The Secretary of the Committee of the Military Engineers ; 

The Secretary of the Artillery Committee; 

The Secretary of the Committee of Inspectors General of the 
Navy ; 

The Secretary of the Council of Works of the Navy. 


The law of February 10, 1890, added: 

The Secretary of the Superior Military Commission of Railways. 

Finally, a leutenant-colonel of Engineers was appointed secre- 
tary of the Commission. 

The Year Book for 1912 of the Department of Public Works 
gives a slightly different organization from the above; it is as 
follows: 

Four councillors of State, one of them president ; 

Five major generals (Généraux de division), two from the En- 
gineers, one from the Artillery, two not mentioned ; 

Two inspectors general of the Ponts et Chaussées ; 

One rear admiral ; 

One inspector general of the Ponts et Chaussées, in charge of 
the general inspection of hydraule works for the Navy ; 

One lieutenant colonel of Engineers, secretary of the Technical 
Committee of the Engineers ; 

One leutenant colonel of Infantry, Secretary of the Superior 
Military Commission of Railways; 

One inspector general, Secretary of the General Council of the 
Ponts et Chaussées ; 

One captain of the Navy, Secretary of the Superior Council of 
the Navy; 

One lieutenant colonel of Engineers, Secretary. 
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The other permanent Commissions of the Central Administra- 
tion which coneern the Ponts et Chaussées are: 


1. The Commission for the General Levelling of France, made up 
as follows: 

The Minister of Puble Works, President ; 

Four inspectors general of the Ponts et Chaussées, of whom one, 
who has charge of the ordinary service of the department of the 
Seine, is vice-president of the Commission, and one is a member 
of the Consulting Committee on Communal Roads of the Depart- 
ment of the Interior; 

The Director of Departmental and Communal Administration in 
the Department of the Interior, also Vice President of the Com- 
mission ; 

The Director of the Geographical Service of the Army ; 

The Director of the Hydrographic Service of the Navy; 

One retired Brigadier General, member of the Institute and of 
the Bureau of Longitudes, former Director of the Geographical 
Service of the Army ; 

One retired Lieutenant Colonel of Engineers ; 

One Colonel, Chief of the Section of Geodesy of the Geograph- 
ical Service of the Army; 

One Honorary Director of the Department of the Interior, 
former Chief of the Service of the Map of France and of Graph- 
ical Statistics ; 

One Member of the Consulting Committee on Communal Roads 
of the Department of the Interior; 

One Director of Hydraulics and of Agricultural Improvements 
in the Department of the Interior ; 

One Chief Engineer of the Ponts et Chaussées, Inspector Gen- 
eral of Agricultural Hydraulies ; 

One Chief Engineer of the Ponts et Chaussées, Chief of the 
Service of Studies of the Great Hydraulic Forces of the Region of 
the Alps; 

One Inspector General of Mines, member of the Institute and of 
the Bureau of Longitudes, Secretary of the Commission; 

One Ordinary Engineer of the Ponts et Chaussées, Assistant 
Secretary. 

2. The Comnussion for Announcing Floods, made up as follows: 

Seven Inspectors General of the Ponts et Chaussées, one of whom 
is President ; 
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Two Chief Engineers of the Ponts et Chaussées, one of whom is 
the Secretary of the Permanent Commission for Inundations ; 

One Director of the Central Meteorological Bureau of France; 

One Director of the Operating of Telegraphs ; 

Two Chief Engineers of the Ponts et Chaussées, Secretary and 
Assistant Secretary of the Commission. 

3. The Permanent Commassion on Inundations, made up as fol- 
lows: 

The Minister of Public Works, President; 

Three Inspectors General of the Ponts et Chaussées, one of whom 
is Vice-President ; 

The Inspector General in charge of the inspection of the Serv- 
ices of Navigation of the Basin of the Seine ; 

The Inspector General in charge of the inspection of the Services 
of Navigation of the Basin of the Loire; 

The Inspector General in charge of the inspection of the Serv- 
ices of Navigation of the Basin of the Rhone; 

The Inspector General in charge of the inspection of the Serv- 
ices of Navigation of the Basin of the Garonne ; 

One Chief Engineer of the Ponts et Chaussées, Chief of the 
Technical Service of Water and Drainage of the Municipal Service 
of the City of Paris; 

One Director of the Central Meteorological Bureau ; 

Two Representatives of the Department of Agriculture; 

One Representative of the Department of the Interior; 

Two Chief Engineers of the Ponts et Chaussées, of whom one is 
the Secretary of the Commission. 


SERVICE OF GAUGING RIVERS. 


This service belongs to the Permanent Commission on Inunda- 
tions. It is in charge of— 

One Director, Inspector General of the Ponts et Chaussées, who 
is President of the Commission for announcing floods, as well as 
Vice-President of the Commission on Inundations ; 

Two Chief Engineers of the Ponts et Chaussées, who are the 
Secretary and Assistant Secretary of the Commission for announ- 
cing’ floods. . 

4. The Commission on National Roads, made up as follows: 

Hight Inspectors General of the Ponts et Chaussées, of whom one 
is President ; 

One Chief Engineer of the Ponts et Chaussées, Secretary of the 
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second Section of the General Council of the Ponts et Chaussées, 
Secretary. 
5. The Commission on Inventions, composed of : 
The Director of the National School of the Ponts et Chaussées, 
President ; 
The Inspector and the Professors of the School. 
6. Commission on Fishing in Rivers, composed of : 
One Councillor of State in ordinary service, President. 
Members as Representatives. 
1 Of the Department of Agriculture— 
Two Administrators of Waters and Forests ; 


One Inspector of Waters and Forests ; 

One Assistant Inspector of Waters and Forests. 

2. Of the Department of Public Works— 

Three Inspectors General of the Ponts et Chaussées ; 

One Rédacteur from the Sub-Direction of Navigation. 

7. Commission of Light-houses, composed of : 

The Minister of Public Works, President ; 

One Vice-Admiral, Vice-President ; 

One Inspector General of Mines, Member of the Academy of 
Selences ; 

Two Rear Admirals ; 

One Inspector General of Maritime Engineers ; 

One Director of Hydrography in the Navy Department ; 

One Inspector General of the Ponts et Chaussées, in charge of 
the general inspection of naval hydraulic works; 

One Inspector General of the Ponts et Chaussées, in charge of 
the Direction of the Service of Light-houses and Beacons; 

Three Inspectors General of the Ponts et Chaussées ; 

One Chief Engineer of the Ponts et Chaussées, in charge of 
the Central Service of Light-houses and Beacons. 

The Inspector General in charge of the Direction and the Chief 
Engineer in charge of the Central Service act as Secretary and 
Assistant Secretary. 

One Ordinary Engineer of the Ponts et Chaussées, attached to 
the Central Service, is present at and may take part in the de- 
liberations of the Commission, but without vote. 

8. Commission of Limes and Cements, composed of : 

Four Inspectors General of the Ponts et Chaussées, of whom one 
is President ; 

One Inspector General of Mines; 
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Two Chief Engineers of the Ponts et Chaussées ; 

The Chief of the Laboratory of the Ponts et Chaussées at Bou- 
logne-sur-mer ; 

The former President of the Syndieal Chamber of Limes and 
Cements ; 

The President of the Syndical Chamber of the Manufacturers of 
Artificial Portland Cement of France; 

The Engineer Director of the General Society of the French 
Cements ; 

One Ordinary Engineer of the Ponts et Chaussées, Secretary. 

One Conductor of the Ponts et Chaussées, attached to the office of 
the Secretary. 


9. Commission of Distribution of Electrical Energy, composed of : 
De jure members. 


The Director of Roads and Navigation, or his delegate ; 

The Director of Railways, or his delegate ; 

The Director of Personnel and Accounts, or his delegate ; 

The Director of Mines, Distributions of Electrical Energy and 
Aeronauties, or his delegate; 

The Representatives of the Department of Public Works, Posts, 
and Telegraphs on the Permanent Committee of Electricity ; 

The Director of Departmental and Communal Administration of 
the Department of the Interior ; 

The Inspector General of the Services of Control of Distribu- 
tions of Electric Energy. 


Members Appointed by the Muuster. 

Nine Inspectors General of the Ponts et Chaussées, of whom one 
is President ; 

One Inspector General of Mines; 

One Chief Engineer of Mines; 

One Departmental Inspector of Labor; 

The General Manager of the Metropolitan Railway Company of 
Paris; 

The Director of the Society, ‘‘ Electrical Energy of the Shore of 
the Mediterranean ;’’ 

The Director of the Society, ‘‘Triphasé ;’’ 

The General Manager of the Society of the Motive Power of the 
Rhone at Lyons. 
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Office of the Secretary of the Commission. 
One Ordinary Engineer of the Ponts et Chaussées, Secretary 
pro tem. 
Three Ordinary Engineers of the Ponts et Chaussées, One Engi- 
neer of Telegraphs, Assistant Secretaries and Reporters. 
One Rédacteur and One Expéditionnaire attached to the office. 


10. Consulting Comnuttee for Settling Out of Court Contracts for 
Public Works and for Furmshing Supplies. 

One Retired Inspector General of the Ponts et Chaussées, Presi- 
dent ; 

One Councillor of State ; 

Two Inspectors General of the Ponts et Chaussées ; 

One Civil Engineer ; 

One Chief Engineer of the Ponts et Chaussées, Assistant Re- 
porter ; 

One Secretary ; 

One Sub-Engineer, attached to the Committee. 


11. Commission Charged With Presenting Propositions in Re- 
gard to Engineers and Conductors of the Ponts et Chaussées 
Residing Abroad. 

Three Inspectors General of the Ponts et Chaussées, of whom one 
is President. 

12. Council of Inquiry. 

Members taking part in all deliberations: 

One Inspector General of the Ponts et Chaussées, President ; 

One Chief Engineer of the Ponts et Chaussées ; 

One Ordinary Engineer of the Ponts et Chaussées. 

Members taking part in the deliberations only when function- 
aries or agents of their own class are in question: 

Two Sub-Engineers of the Ponts et Chaussées ; 

Two Sub-Engineers of Mines; 

Two Controllers of the Work of Railway Agents; 

Two Commissaries of Administrative Oversight of Railways; 

One Principal Clerk of the Ponts et Chaussées ; 

One Clerk of the Ponts et Chaussées ; 

Two Port Masters; 

One Guardian of Navigation; 

One Head Lock-keeper ; 

Four Rédacteurs in the Secretary’s office. 
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13. Commission for the Study of Simplification of Administrative 
Machinery and the Revision of Methods. 

This Commission is composed of : 

Two Inspectors General of the Ponts et Chaussées, one as Presi- 
dent, the other as Vice-President ; 

One Secretary General, unattached, private secretary to the 
Minister ; 

One Sub-Director of Personnel and Accounts; 

Two Chief Engineers of the Ponts et Chaussées ; 

One Chief Engineer of Mines; 

One Ordinary Engineer of the Ponts et Chaussées ; 

One Sub-Engineer of the Ponts et Chaussées ; 

One Principal Clerk of the Ponts et Chaussées ; 

One Sub-Engineer of Mines; 

One Principal Inspector of the Commercial Operating of Rail- 
ways; 

One Principal Conductor of the Ponts et Chaussées, Secretary. 


14. Commission of the Annales des Ponts et Chaussées. 


This Commission is composed of : 

The Director of Personnel and Accounts; 

The Councillor of State, Director of Roads and Navigation ; 

The Councillor of State, Director of Railways; 

The Director of Mines, Distributions of Electric Energy and 
Aeronautics ; 

The Inspectors General of the First Class of the Ponts et Chaus- 
Sees ; 

The Secretary of the General Council of the Ponts et Chaussées ; 

The Engineers of the Ponts et Chaussées who are Professors at 
the National School of the Ponts et Chaussées ; 

The Director of the School is the President of this Commission, 
of which the Inspector of the School is the Secretary ; 

Two Chief Engineers of the first class are Assistant Secretaries. 

In addition to the above commissions, there are in the Depart- 
ment of Public Works several others which do not touch especially 
the Ponts et Chaussées; such are: 

The Superior Military Comnussion of Railways, which out of 
25 members has but one representative, an Inspector General, of 
the Ponts et Chaussées ; 


The Consulting Committee of Railways, which out of about 100 
members has but seven representatives. From the way in which 
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the membership of this Committee is stated in the Year Book, it is 
impossible to give the exact number of its members. 


The Commnuttee on the Techmcal Operating of Raalways, which 
out of about 90 members has but 15 representatives of the Ponts et 
Chaussées ; 

The Commission for the Verification of the Accounts of the Rail- 
way Companes, which has about half of its members from the 
Ponts et Chaussées ; 

The Military Commission of Navigation which has four members, 
two engineers of the Ponts et Chaussées and two army officers ; 


The Military Commission of Mines has no representative from 
the Ponts et Chaussées ; 


The Permanent Commission of Scientific Research on Fire 
Damp and the Explosives Used 1n Mines has no representative ; 


The Committee on Electricity, with 30 members, has three repre- 
sentatives of the Ponts et Chaussées, one of them being President ; 


The Central Comnussion on Steam Engines, with 25 members, 
has two representatives of the Ponts et Chaussées, one of them be- 
ing Vice-President ; 


The Central Commission on Automobiles, with 32 members, has 
six representatives, of whom are the President, Vice-President, one 
of the Reporters and one of the Secretaries ; 


The Special Commission of the Geological Map of France and 
of the Geological Map of Algeria has no representative of the Ponts 
et Chaussées ; 


The Commission to Examine and Coordinate Statistical Infor- 
mation Regarding Mineral Industry and Steam Engines has no 
representative of the Ponts et Chaussées ; 


The Comnussion on Aerial Navigation has three representatives 
of the Ponts et Chaussées, of whom one is Vice-President; one of 
the assistant secretaries belongs to this corps; 


The Commission of the Annales des Mines is composed execlusive- 
ly of Engineers of Mines and Professors at the School of Mines. 


Such, then, is the Central Administration, which has for its 
object to centralize all matters belonging to the Service of the 
Ponts et Chaussées, to pass on expenditures and to approve, finally, 
all projects. 

(To be continued.) 


Cvditortal Notes 


Coming Articles 

The Editors of the Memoirs are pleased to announce that they 
have a number of good articles on hand or promised for coming 
issues, among the most important of which is one on ‘‘ Tidal Cur- 
rents in Kast River, New York,’’ by Col. W. M. Black. This will 
be accompanied by about fifteen plates, and on the whole is a very 
valuable and exhaustive treatise on the currents and the condi- 
tions caused by them in the East River, New York City, particu- 
larly around Hell Gate. 

Another article received is on the Dalles Celilo Canal, Columbia 
R-ver, which is being built by the Government at a cost of about 
$4,500,000 largely by hired labor. This article deals historically of 
early conditions on the upper Columbia and Snake rivers, as well 
as technically with constructional details, and the difficulties en- 
eountered during construction. 

Another excellent article promised is on the Colbert Shoals 
Canal, Tennessee River, while a shorter but valuable one on drilling 
operations on the Tuscumbia Bar, Tennessee River, has already 
been received. 

Along with these we have a number of other articles of value 
and interest to both eivil and military engineers. 





ater Power 
In January of this year there appeared the first issue of a new 
magazine, entitled ‘‘ Water Power,’’? under the management of a 
well-known engineer. The writer welcomes this addition to the 
literature on the National resources of the United States, for he 
believes that the subject of ‘‘ Water Power,’’ is one of sufficient 
importance and wide general interest to support a separate publi- 
eation. On the other hand, there are springing up to-day so many 
publications financed or backed by corporations and moneyed 
interests, particularly interested in the subject treated in the 
magazine, that one is inclined to suspend judgment upon a publi- 

cation until time shall indicate its policy. 
While we have heard much on this subject of ‘‘Water Power”’ 
in the past three or four years, the indications are that we will 
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hear a great deal more in the next three or four years. At present 
the discussions seem to be divided into two general classes: those 
favoring National control and those favoring State control. This is 
not peculiar to Water Power alone, but applies as well to forests, 
to coal, iron, copper, petroleum, and other National resources. 
The writer believes that all of these resources belong to the nation 
and should be administered for the benefit of the whole people, 
and that this can only be done by the National Government. ‘To 
place them under the control of the State governments will make 
just that much easier their passage into the hands of corporations 
seeking to control them for their own private benefit. This is 
brought about by raising the local cry that the administration of 
these resources as carried out by the National Government through 
leases and other means is retarding the development of the State 
or locality and withholding from the residents of that locality 
the wealth that properly belongs to them. | 

If the publication, ‘‘ Water Power,’’ above referred to shall 
prove to be one dealing fairly and broadly with the question of 
Water Power and the public’s rights therein, it will be welcomed ; 
if it should prove to be otherwise, it will readily pass to the waste 
basket along with numerous other publications designed solely to 
advance private interests of one sort or another. We sincerely 
trust that it shall prove to be the former.—a. A. F. 


€rrata 


The following table of costs is furnished by Maj. E. H. Schulz 
to replace table of cost shown on pages 710 and 713, PROFES- 
SIONAL Memorrs, No. 18. 


a. Willow Mattress. 


57. cords, brush wcat SOs 902 a orice ene eect eee ee $675.87 
776 -CGublie tyardse ballast, ecateh ON0-4 Oe eee en tees ener 579.09 
DOO) CUbIG yards spallagatico OO cee nan ae eee 389.70 
Wire istrand, clipsitinaics: sot sores er ae eee ore nen eee 204.43 
Towboath service ane ace ee ee ee eee 784.00 
Labor, superintendence and miscellaneous ........... 2,669.59 
———. $5,302.68 
b. Concrete Paving. 
Pio 6 cubic syards: cravel iat ndeoo oe pls mera neeee ines $1, 712280 
Grading bank, 1,000 linear feet, at $0.94607.......... 946.07 
Réinforcements 5.03. tease a ee ee eae 749.32 
S215 ‘barrels: Portland) cement, ate plo eects 2 cle. 945.01 
Labor, superintendence, and miscellaneous .......... 1,881.33 
we 6,294.08 
ce. Flexible Concrete Blocks. 
120 cubichyardsrraVel-matens le> 3 omer eee nee ee ee $183.96 
Reinforcement; 05 45g, 5 en ee ee eee 221.65 
182 barrels Portland. cementy at. oleWor tne een teens 209.30 
Labor; ete makin? blocks ere mete eee ee 636.00 
labors etc, placin es bLOCKs oy.m see Saree: note ee nce ae aeet 685.12 
—-—-—— 1,936.03 


Summary. 


Weaving and ballasting mattress, 1,030 linear feet at $5.1482.. $5,302.68 
Concrete paving and grading, 1,000 linear feet, at $6.294.......... 6,294.08 
Flexible conereté blocks® inplace.]..-< . ae. oe cece) cee 1,936.03 


"TODD <~ seegie ait iors Gude Gece ara ip'ae, SURG TORE Dene ae le anaes Cero are ae $13,532.79 
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REDUCTION OF CURRENT VELOCITIES. 


An inspection of the directions and velocities of the Hast River 
surface currents, as given by the United States Coast and Geodetic 
Survey, shows how the velocities are affected by the channel 
sections. The removal of the Corlears Hook Reef and the opening 
of the east channel at Blackwells Island will tend to diminish the 
high current velocities in their respective reaches. The records 
show that from January 1, 1908, to January 31, 1912, there were 
thirty-eight reported accidents in the East River, exclusive of the 
Hell Gate reach, ranging in extent from the loss of a vessel to 
minor injuries, almost all of which were due to the current ve- 
locities. 

The worst conditions are found in Hell Gate. Here at about 
two hours after the low water of a maximum spring tide at Hallets 
Point, the surface currents are northerly and attain a maximum 
velocity past Negro Bluff of 6.7 miles per hour. Currents to the 
south attain a maximum surface velocity of 6.35 miles per hour and 
about 214 hours after a spring tide high water. For tides of mean 
height these surface velocities are about 6.1 miles and 5.5 miles per 
hour, respectively. Greater velocities occur over the reef off Hallets 
Point. It is easy to understand that with such velocities low- 
powered boats can not stem the current and that all boats are to a 
certain extent unmanageable. Collisions with the reeks and with 
other vessels are of frequent occurrence. ‘Tows are compelled to 
await slack water or a favoring current, and many are afraid to 
risk the passage at night. | 

In the period from January 1, 1908, to January 31, 1912, in- 
elusive, there is a record of thirty-five more or less serious disasters 








*Extracts from a report on the East River, submitted by Colonel Black. 
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to vessels in Hell Gate. Undoubtedly minor disasters in addition 
occurred which were not reported. 

To understand the causes of these velocities a short discussion 
of the tidal phenomena is necessary. The tides at Hell Gate are 
due to the tidal waves entering the harbor through the Sandy 
Hook and Long Island Sound entrances. The wave coming from 
the Atlantic is retarded in its passage through Long Island Sound 
by four hours, that is, the time of high water at Sandy Hook is 
four hours earlier than the time of high water at Throgs Neck. 
The wave arriving at Sandy Hook is transmitted through the lower 
and upper bays and thence to the East River at Hell Gate by two 
routes, one direct through the East River, the other via the 
Hudson and Harlem rivers. Similarly, the wave entering at 
Throgs Neck from Long Island Sound is transmitted via the Hast 
River and via the Hudson and Harlem rivers to the New York 
upper bay. The tidal curves south of High Bridge in the Harlem 
and those in Hell Gate show by inflections the superposition of 
the two waves. 

The current velocities are caused by the local slopes produced by 
these waves. These currents are an actual movement of the waters 
horizontally, while the wave movement is a vertical motion shown 
by an increasing or decreasing depth at a given point. It is evi- 
dent that the waters moving horizontally acquire a certain living 
force and that, if an impediment to the movement be met, this 
force will be expended in a vertical movement, causing an increase 
of depth. If the impediment be impassable, the water surface 
will continue to rise until the living force is exhausted. If the 
impediment be a simple narrowing of a channel, the rise will be 
continued until the increase cf slope toward the outlet is great 
enough to inerease the velocities of the outflowing current to a point 
sufficient to afford the requisite discharge. 

This fact is well illustrated by a comparison of the tidal curves 
at Lawrence Point and at Hallets Point (Plate 2 opposite). About 
three or three and one-half hours after the moon’s transit, the cur- 
rents being southerly, the water surface at Lawrence Point becomes 
actually lower than the surface at Hallets Point, but the southerly 
flow continues for several minutes before the living force of the 
flowing water is exhausted, by which time the surface at Hallets 
Point has become about 0.1 foot higher than the surface at Law- 
rence Poimt. Then a change of current direction takes place 
throughout the lower East River, following a change which has 
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already taken place east of North Brother Island, the current di- 
rection now being toward the Sound. But the water is engorged 
between Hallets Point and Lawrence Point. The fall of surface 
is more rapid at Lawrence Point than at Hallets Point, and the 
current velocities are increased until they become a maximum at 
about seven lunar hours after the moon’s transit, when the differ- 
ence of level is about one-half foot, after which time the difference 
of level and the velocities gradually decrease. 

About eight and one-half or nine lunar hours after the moon’s 
transit (the tide still flowing northward) the water surface level at 
Lawrence Point becomes higher than at Hallets Point, but the north- 
erly currents continue for perhaps half an hour longer and until the 
Lawrence Point level is about 0.40 foot higher than that at Hallets 
Point, when slack water and a change of current direction takes 
place throughout the East River, following again a change of 
direction east of North Brother Island, the current direction now 
being southerly or toward Sandy Hook. But again the effects of 
the engorgement of the channel are seen. The water flows away 
from Hallets Point more rapidly than it is supplied. The surface 
at Lawrence Point continues to rise. A head of more than 1 foot 
is produced. Maximum currents are again generated, gradually 
decreasing as the difference in head diminishes. Harlem Kills and 
Little Hell Gate have their maximum discharge at these high water 
periods. 

The dotted lines on Plate 6B, near the points of high and low 
water, show what would be the shape of the tidal curve in the 
case of Little Hell Gate were the velocities those actually due 
to the difference of level, or head, between the two points at 
that time. The difference between the full curve and its dotted 
curve in each case is a measure of the effect of the lying force of 
the flowing water. 

A comparison of the tidal curves for Mill Rock in Hell Gate. 
Willis Avenue in the lower reach of the Harlem, and Hallets 
Point, showed that the Mill Rock and Willis Avenue curves were 
practically coincident and followed fairly closely the curve for 
Hallets Point. Comparing these curves with the Lawrence Point 
curve, it is seen that at high and low water at Lawrence Point, 
about the sixth and eleventh lunar hours, there is a difference of 
level of 0.7 foot and of 1.2 feet, respectively, between the levels at 
Mill Rock and the lower Harlem River on the one hand and the 
level of the East River just beyond Hell Gate on the other. 
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Plate 6B. Discharge sheet, Little Hell Gate. Comparative tidal curves. 
Note: Difference of level (head) at any time shown by vertical ordinate 
subtended between the tidal curves. Effective head near slack measured 
between Lawrence Point curve and dotted curve. 
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The reaches of the lower Harlem River and of the East River 
through Hell Gate are connected: (1) By the direct channel lying 
between Wards Island and the Long Island shore; (2) by Little 
Hell Gate between Wards Island and Randalls Island; and (3) 
by the Harlem (Bronx) Kills between Randalls Island and the 
Borough of the Bronx. Both the Little Hell Gate and the Harlem 
Kills channels are badly obstructed by rocks, so that there is a 
marked difference in their discharge capacities at high water and 
at low water. At low water the flow is northerly, or from the lower 
East River and the Harlem toward the Sound. At high water the 
flow is southerly, or from the Sound toward the lower East River 
and the Harlem. The infiuence of the diminished cross section and 
diminished discharge through the minor channels is shown by the 
greater differences of head produced on the two sides at low water 
than at high. 

As might be inferred from the tidal slopes (Plate 16B, two sheets 
opposite page 256), there is but shght circulation in the Harlem 
River between the Harlem Kills and the south end of Wards Island. 

Plate 16B (in two sheets) shows the slopes of the water surface 
for a northbound tide at the seventh lunar hour, between 24th 
Street, East River, and North Brother Island. These slopes are 
not strictly accurate, since the readings had to be taken at the 
tide gauge stations, as marked on Plate 1 of this report, and breaks 
probably occur at points other than directly at the stations. The 
sharp break shown beyond 89th Street marks the effect of the ob- 
structions at Hell Gate between the north end of Blackwells Island 
and Lawrence Point. As will be seen, the velocities produced by 
these steep slopes are sufficient to cause the water to flow with an 
upward slope for some little distance beyond Lawrence Point. 

Plate 3 shows the the effect of this obstructed passage on the 
tidal waves themselves. In this plate the tidal ranges at various 
points along the East River have been plotted with their middle 
points on a straight line with the channel lengths between them to 
scale. Between Willets Point and North Brother Island the range 
and velocity of transmission are due almost entirely to the wave 
entering through Long Island Sound. Between Sandy Hook and 
the Battery, it is the wave entering from Sandy Hook which is re- 
corded. The intermediate ranges between the Battery and North 
Brother Island are more or less affected by the superposition and 
interference of the two tidal waves, the meeting place being given 
as Hell Gate by the United States Coast and Geodetic Survey. It 
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will be noted, that as the tidal wave enters from the Sound the rate 
of transmission and the range diminish gradually until North 
Brother Island is reached. From that point south, the range and 
rate of transmission diminish at first gradually and then rapidly as 
far as Astoria Ferry; then comes a more gradual diminution of 
range and a slight increase of rate as far as East 27th Street, be- 
tween which point and the Navy Yard there is a reach in which the 
range is uniform. From the Navy Yard to the sea through the 
Sandy Hook entrance the tidal ranges and rates of transmission 
oradually increase as the channels widen and deepen. The abrupt 
change of range and of rate of wave transmission between North 
Brother Island and Astoria Ferry are undoubtedly due to the 
obstructed channels of Hell Gate. 

Were the channel made uniform in size between North Brother 
Island and Hast 41st St., these abrupt breaks would be eliminated. 
Such a channel would probably have a practically uniform surface 
slope throughout the entire reach at any moment with a uniformly 
varying velocity of wave transmission and with current. velocities 
less than those which now are found in portions of the obstructed 
reach. In other words, in such a uniform channel, tidal ranges 
and wave and current velocities would become more nearly uni- 
form. It would seem to be a logical deduction that improvements 
of channel dimensions in this reach in the direction of uniformity 
will tend toward these conditions—that the tidal range will be 
made more uniform and the excessive slopes and resultant current 
velocities diminished. Similar changes in tidal range have been 
marked in tidal rivers after their channels have been improved. 

The deepening of the channel east of Blackwells Island and the 
opening of the obstructed passages to the north and south of Ran- 
dalls Island (Harlem Kills and Little Hell Gate) would be improve- 
ments in the direction of such uniformity. 


TIDAL CIRCULATION IN THE VICINITY OF HELL GATE, 


The tidal flow through each of the Hell Gate passages is closely 
interrelated. On the northbound, or flood tide, water is flowing 
north in the East River and south in the Harlem River. The com- 
bined discharge from these two rivers flows on out the Hast River 
towards Long Island Sound. That which comes up the Kast River 
passes mostly through Hell Gate, but a small portion may pass up 
the Lower Harlem and through Little Hell Gate. The Harlem dis- 
charges principally through Harlem Kills into the East River, and 
a portion through Little Hell Gate (Plate 1, see page 251). 
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CURRENT DIRECTIONS AT VARIouS LUNAR HOURS AFTER MOONS TRANSIT 
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Of the flow through Little Hell Gate on the northbound tide, the 
ereater portion passes into the East River through the channel 
between Sunken Meadow and Randalls Island. There is also a 
fairly strong flow eastward through Little Hell Gate east, between 
Sunken Meadow and Wards Island. On the southbound tide, 
however, Little Hell Gate is fed entirely through the Sunken 
Meadow channel, the current in the east end of Little Hell Gate 
proper being slack and full of whirlpools, or setting to the east 
and showing a greater flow through Sunken Meadow Kill than 
through Little Hell Gate, resulting in a flow entirely around 
Sunken Meadow, from the East River at the north end back to the 
East River at the south end. The Sunken Meadow channel could, 
however, be closed advantageously were the eastern mouth of 
Little Hell Gate given proper dimensions and direction. 

The total discharge of the East River past Mill Rock, as de- 
termined from the observations of the Engineer Department in 
1910-1911, was, for a mean tide, about 4,656,000,000 cubic feet 
toward the Sound and about 4,897,000,000 cubic feet toward Sandy 
Hook, showing a difference of 241,000,000 cubie feet in favor of 
the southbound tide. These discharges are approximate only and 
differ somewhat from those previously computed by the United 
States Coast and Geodetic Survey. The difference may be ex- 
plained by the fact that the mean stage during the lunations in 
which the observations were made by the Engineer Department was 
.3 foot higher than the mean stage at the time the Coast Survey 
observations were made. As stated, the mean stage differs at 
different periods of the year. The United States Engineer observa- 
tions were not continued long enough to determine the true mean 
stage. A small change in the elevation of the mean stage makes a 
considerable difference in the total discharge and may make a 
change in the direction of the resultant discharge. Any error re- 
sulting from the stage adopted in this discussion is on the safe side. 
(See Plates 2B and 3B, pages 257 and 259, respectively, for current 
directions at the various lunar hours after the moon’s transit. ) 

The observations show some noteworthy features. One is that 
the water surface at Mill Rock, on the northbound tide, is sightly 
higher than at 89th Street, New York (Horns Hook), although at 
those times there is a down slope in the main channel past Mill 
Rock toward Hallets Point. The water surface in the Harlem River 
past Wards Island is at those times practically level with that at 
Mill Rock. Similar conditions obtain during the greater portion 
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of the southbound flow, the elevation at Mill Rock being higher 
than in the adjacent main channel. This phenomenon appears 
to be due to the swing of the current in making the turn through 
Hell Gate. 

Another feature is that during the northbound tide the slope 
through Hell Gate is for some hours largely concentrated over the 
submerged reef between Hallets Point and the Hogs Back, the 
slope from Lawrence Point towards North Brother Island being 
reversed and showing the water moving uphill. This peculiarity 
was indicated in all the observations and appears to exist beyond 
all doubt. (Plate 16B, opposite page 256.) On the southbound 
tide the slope seems to be concentrated chiefly between Negro Bluff 
and Hallets Point and the reef does not produce any visible effect. 

Another feature is that several places, notably at Lawrence 
Point, the difference in time between the tide waves of the Hast 
River and of Long Island Sound produces a considerable increase 
in the slopes. Thus, as shown on Plate 2, the northbound tidal 
currents continue past Lawrence Point until the time marked 
slack, about an hour before the time of high water at Lawrence 
Point. The time of high water at Hallets Point marks the time 
when the Sandy Hook tidal wave crest has reached that point. 
Through the reach to the south the crest has passed and the water 
is falling, but the crest of the wave coming from the Sound has 
been advancing southward, has met the Sandy Hook wave erest 
north of Hallets Point, overcome it, passed on, and has reached 
Hallets Point, causing a delay in the fall of the water level there 
plainly marked on the tidal curve. The effect of this general wave 
action is to cause a reversal of current to the southward south of 
Blackwells Island before the incoming Sound wave crest has given 
head sufficient to overcome the northbound currents at Hallets 
Point, so that when these latter currents are reversed, steep surface 
slopes have been formed with high current velocities. 


DESCRIPTION OF FIELD AND OFFICE METHODS. 


The application of the laws of stream flow to the flow of tidal 
waters is rendered difficult by the constant change of head pro- 
duced by the progress of the tidal waves. The variations in height 
of these waves caused by the varying positions of the moon and sun 
with respect to the earth cause other confusing variations of head. 
In New York Harbor further complications are produced by the 
superposition or interference of the waves entering by Sandy 


TIDAL MOVEMENTS IN EAST RIVER, NEW YORK 261 


Hook and Throgs Neck, respectively, and by variations of head 
caused by changes of the general levels of the Ocean and Sound 
under wind action. 

The records of the automatic tide gauges showed how great were 
these variations in head. In shallow auxiliary channels like that 
of Little Hell Gate their effect is magnified in the tidal volumes 
passed, so that discharge measurements on succeeding days may 
differ widely. 

The foree available was too small to permit simultaneous current 
observations to be made in all of the channels in the vicinity of 
Hell Gate, for which the regimen had to be determined. It was, 
therefore, necessary to make the observations when possible, to cal- 
culate the discharge for that period, to make careful observations 
for slopes by a comparison of the various. tide gauge records and 
to determine the relation between discharge and slope for each 
channel and, finally, reduce the discharge and velocities for each 
channel to their values for a mean tide with its corresponding 
slopes. 

METHODS. 

The field work included observations for tidal slopes and current 
velocities, employing automatic tide gauges and large Price current 
meters, supplemented where necessary by tide-staff observations. 

The channels of the Harlem and of the East rivers are crowded 
with shipping, making interruptions frequent even during night 
work. The great depth and ‘rapid currents of the Hell Gate 
channel added an element of decided danger, and led to the death 
by drowning of one of the party. The greater part of the field 
work was done under the immediate supervision of Mr. A. von Sil- 
ler, Junior Engineer, and to him and his party great credit is due 
for the work performed under so many adverse conditions. 

Most of the office work and computations and of the last part of 
the field work was carried on under the immediate supervision 
of Mr. E. F. Robinson, Junior Engineer. The details of the neces- 
sary departures from the methods in general use were worked out 
successfully by him, and great credit is due him for his work in 
connection with the solution of the complicated problems involved 
in this investigation. 

TIDAL OBSERVATIONS. 
Datum. 


All elevations were referred to the Hallets Point plane of mean 
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low water of 1870, which is the mean of fifty-seven consecutive low 
waters read upon a staff gauge set in a stilling box. 

This plane is 2.437 feet below the plane of mean sea level as 
established by the United States Coast Survey at Sandy Hook, 
N. J., and 0.347 foot below the Battery datum of the Dock Depart- 
ment of the.City of New York (see Plate 2, opposite page 250). 

The base bench-mark of the survey is known as Electric Light 
Tower, and is a steel bolt let into the conerete base of an 
electric hght tower at Hallets Point, Astoria, L. I. Its elevation 
is 10.036 feet above the Hallets Point plane of mean low water of 
1870. 

The tide gauges used were of the Stierle pattern, with one clock 
for driving and keeping time. They were old, and gave trouble, 
owing to variations in the force required to operate the yr . vding 
apparatus and the irregular rates of the clocks. A ney yzauge 
was finally procured which had a time clock, which marked each 
hour by a short horizontal motion of the recording pencil. This 
apparatus did not always work, and the lines were so drawn as to 
make an exact determination of the hour point difficult. 

An apparatus was devised by Mr. A. von Siller, Junior Engineer, 
for obtaining accurate time, which consisted of a ship’s clock, with 
electric connections for striking bells. This clock was placed en- 
tirely independent of the gauge apparatus, and had its striking 
shammer in a weak circuit with a pony relay. This relay con- 
trolled a stronger electric current, which actuated a magnet on the 
oauge, causing a second pencil to make a vertical mark upon the 
record as the clock struck the hours and half hours. The magnets, 
however, were so constructed as to permit actual contact of the 
armature, and were liable to stick for a considerable period, all 
time record being lost in the meantime. Again, the operating 
eurrent was so strong as to cause sparking at the contact points of 
the relay, burning them so that they made poor contacts, and the 
whole apparatus finally refused to work. The observations, how- 
ever, were completed by this time, and no further opportunity 
was offered for testing the device. 

The records, when brought into the office, were worked up in sets 
of fifty-seven consecutive tides, this representing one lunation, or 
complete period of the moon. 

This was accomplished in the following manner: 

The record was first corrected for time, and each noon and mid- 
night marked with the time of each lunar transit. The zero line 
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was then corrected according to the notes of the staff readings 
scattered through the record. The exact time of each high and low 
water was then determined, as well as the luni-tidal interval, or 
the elapsed time since the last lunar transit, and the records were 
then worked up by sub-dividing each tide into appropriate inter- 
vals. 

The period between successive high and low waters was divided 
into six equal parts, representing approximately the lunar hours, 
and the height of the curve from the corrected zero line was meas- 
ured at each low and high water and intermediate points. These 
heights were tabulated in columns, one each for low water: first 
hour after low, second hour... high water, ete., for the high and 
low water luni-tidal intervals, and for the intervals from low water 
to high, and the reverse. The mean of the fifty-seven items in each 
column was then taken, and a curve constructed upon these ordi- 
nates which represents the mean tide in range but not in slope, this 
latter being too much affected by the irregularities in the gauge 
clocks to be reliable. 

It was found that the mean curves for one lunation taken at the 
same point have practically the same range and characteristic shape, 
whatever the date of observation, but that the elevation of mid- 
range varies by as much as half a foot for the same locality at dif- 
ferent periods. For instance, the mean curve for 112th Street, 
Harlem River, for March, 1911, had a range of 5.0 feet and a mid- 
stage height (measured above the low water plane) of 2.38 feet, 
while for June, 1911, the range was 4.97, and the mid-stage height, 
2.96. This mid-stage elevation is hereinafter denominated for con- 
venience ‘‘mean height.’’ Again, for simultaneous curves taken at 
different points it was found that the mean height above the low 
water plane was the same, though this height might vary with 
the season. In May-June, 1907, a simultaneous lunation was ob- 
tained for six points in this district, including the Harlem River 
and East River, above and below Hell Gate. The mean height of 
each of these six curves agreed within 0.05 of a foot with the mean 
of all six. Similarly, the records at 4 number of points at which 
it was possible to secure simultaneous curves during the course of 
the present investigation have shown a lke agreement. 

Owing to the uncertainties of the automatic tide gauges and to a 
lack of the proper number, it was impracticable to secure simulta- 
neous lunations at all the required points of observation, and re- 
course was had to simultaneous tide-staff readings taken at special 
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points between which it was desired to know the tidal slopes or 
heads. These readings were taken for various stages of the tide, 
the dates for the mean tide readings to be used in investigating the 
effects of a diversion of flow from Hell Gate being determined from 
the Coast and Geodetic Survey Tide Tables.’ 

The plane of Mean Sea Level, as established by the United States 
Coast and Geodetic Survey at Sandy Hook, is +2.44 above the 
Hallets Point Datum of 1870, which was used as the plane of refer- 
ence for the Engineer Department survey, but very few of the 
lunations observed had a mean height so low. A mean of all luna- 
tions observed during a period of two years gave the required eleva- 
tion as 2.73 feet, and a mean of all high and low waters for one 
year at Lawrence Point, representing the Kast River tides, and 
for the same year at Willis Avenue Bridge, representing the 
Harlem River, gave 2.76. 


CURRENT OBSERVATIONS. 


Current observations were taken in Hell Gate, Little Hell Gate, 
Harlem Kills and the Harlem River (Plate 1, p. 251). The method of 
procedure in the three latter channels was identical, so that a de- 
seription of the operations in Little Hell Gate will be typical of all 
three. In Hell Gate, however, owing to the great depths and rapid 
currents, a different method had to be devised, the points of varia- 
tion being in the duration of the observation and the means of loca- 
ting the distance out and depth of the meters. 

In Little Hell Gate, observations were taken continuously for 
three days and nights. There being no navigation in this channel, 
a line was stretched between trees on opposite banks, and at three 
points on this line, 100, 200 and 300 feet, respectively, from the 
north bank the meters were suspended from blocks by double con- 
ductor electric cables, and slid up and down on bronze wire eables 
attached to the line and to anchors on the bottom. The conductor 
cables led to the scow Sweep, which was anchored about the center 
of the channel, but far enough from any meter to prevent inter- 
ference. The channel at the meter section was about 400 feet wide, 
and comparatively unobstructed for a run of about 200 feet on 
either side. 

Kach cable was belayed on the deck of the Sweep, which was so 
oraduated that any given length of cable could be paid out or taken 
in, permitting the placing of the meters at any desired depth. A 
table was prepared, giving for each half foot of tide the amount of 
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each cable to pay out in order to place the meters at 0.2, 0.6, or 
0.8 of the depth. The cable connections led into the cabin of the 
Sweep, terminating in telephone head receivers, in which the grating 
sound of the contact was reproduced at each revolution of the 
meter wheel. 


Observations were made at intervals of ten minutes, the ob- 
server taking each meter in turn and timing ten revolutions (twenty 
near slack water) with a stop-watch. The deck hands outside 
regulated the depth of the meters as directed by the observer, using 
the table mentioned above. Tide was observed from a staff gauge 
on shore, read with a field glass, and (at night) an acetylene search- 
hght. Each observation, then, consisted of nine readings, three 
depths for each meter, the changes of depth being effected during 
the reading of some other meter. Between observations the ob- 
server and recorder, with a slide rule and rating curve, reduced 
each reading to revolutions per second, obtained the mean in the 
vertical by the formula 


M=No. Rev. for 0.2+2 (for 0.6) + for 0.8 depth 
4 








and determined the velocity in feet per second. 


In ease of a breakdown where no record from some particular 
meter could be obtained, a deckhand went out in a small boat,. dis- 
lodged the débris, if any, or brought the meter back for examina- 
tion and testing of its connections. The methods were identical 
in Harlem Kills and the Harlem River, except that in the latter 
stream the supporting cable led only from the scow Sweep to one 
shore, leaving one-third of the channel open for navigation. Cur- 
rent directions were observed by means ot independent floats. 


REDUCTION. 


To reduce the observations, the first step was the preparation of 
what has, for the lack of a better name, been designated the local 
velocity curve, which is for each meter the graphical record of the 
rise and fall of the velocity at the meter point. This curve passes 
through zero at slackwater, becomes alternatively positive and nega- 
tive as the direction of the current changes, and partakes of the 
general shape of the sine curve. Its use has the great advantage 
that any break in the record of not more than about two hours’ 


266 TIDAL MOVEMENTS IN EAST RIVER, NEW YORK 


duration may be bridged over and the record made continuous. 
(Plate 5B.*) 

The hourly horizontal-velocity curve for the section was con- 
structed by plotting at the proper position for each meter, the ve- 
locity at the middle of the hour as shown by the local velocity curves 
for that position. Through the three equally spaced points thus 
determined, the curve is drawn for the entire width of the channel. 
To obtain the discharge rate, equally spaced ordinates were drawn 
to the horizontal velocity curve and their lengths were multiplied 
by the depth ordinates at the same points, correcting these latter 
for the mid-hour tide. The sum of these products, multiplied by 
the interval between ordinates, gave the area of a curve whose ordi- 
nates are the product of depth by velocity, or the rate of discharge. 


The discharge curve is.drawn in a manner similar to the local 
velocity curves. The abscisse are hours. At each mid-hour point 
is erected an ordinate representing the rate of discharge as de- 
termined for that moment. The extremities of these ordinates 
are connected by a curve. If the local velocity curves show marked 
irregularities between these points, determinations may be made at 
closer intervals. (Plate 6B, see page 253.) 

Upon the same time ordinates, but lower in the sheet, the tidal 
curve for the period is drawn, together with the area curve, the 
latter denoting at any time the area of cross section due to the 
tidal height at that moment. Dividing any discharge ordinate by 
the simultaneous area ordinate gives the ordinate to a fourth curve, 
that of mean velocity, which is plotted upon the same axis as the 
discharge curve. The area included between the discharge curve, 
the horizontal axis and any two time ordinates, represents the vol- 
ume of discharge tor the included pericd. 


Finally, there is drawn upon a third axis and upon the same time 
ordinates, the tidal curves for the extremities of the channel, as 
registered by the automatic tide gauges during the current ob- 
servations. Vertical ordinates subtended between these two curves 
represent the tidal head, causing the rate of discharge represented 
by that portion of the same time ordinate subtended between the 
discharge curve and its horizontal axis. 

In attempting, however, to relate the discharge to this head, it is 

*“The second curve under horizontal velocity curves should read tide +2.0 
instead of +1.6; the 12th or last curve should extend to 413 feet and the tide 
should be changed to 2.8 instead of 2.3 and the width to 413 instead of 388. 
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noted that at the moment of zero slope, that is, where the tidal 
curves cross, the current is still running, and slack water does not 
occur until some time later. This phenomenon is due to the 
momentum of the moving water, which maintains the velocity even 
after the slope has reversed in direction. It dces not appear at 
each tide to the same extent, but seems to vary with the range of 
the tide, the influence of winds, ete. The effective head, then, 
becomes zero at slack water, and for a period before or after slack 
the effective, instead of the actual head, must be considered. 

In Plate 6B (page 253), the dotted lines either side of slack water 
show the shape that the 112th St. curve would assume were the head 
at all times equal to the theoretical head required to cause the ob- 
served rate of discharge. The effective head is measured from the 
base curve, in this case Lawrence Point, to the 112th Street curve, 
except near slack water, where it is measured to the dotted correc- 
tion curve. The effective head, then, is seen to be greater than the 
actual before slack, owing to the momentum of the moving water, 
and, by reason of the inertia of the water on the change of tide, to 
lag behind the actual head for a considerable period after slack 
until the velocity has picked up. 

In order to relate the discharge to the slope which produces it, 
recourse was had to a graphical diagram, compiled from the ob- 
served data in the following manner: 

The tidal head corrected for momentum, as explained above, is 
the varying factor in the discharge formula for a constant channel 
section and may be used in a graphical diagram in place of the 
slope which results from the head. A table is prepared for each 
channel, giving for the entire period of the observation at intervals 
of about fifteen minutes the height of tide at Lawrence Point (the 
base curve from which the variations in channel cross section can 
be found), the head, and the observed rate of discharge. The plot- 
ting is made upon logarithmic cross section paper, which has the 
great advantage for work of this character, that the ‘‘curves’’ be- 
come straight lines and are parallel, so that the determination of 
two points (for direction) on one line and one each on the remain- 
ing lines, will complete the diagram. The actual number of points 
plotted are, of course, much in excess of this minimum requirement. 

Observed rates of discharge for that channel are abscisse and 
heads are ordinates. A point is marked at the intersection of an 
abscissa showing a measured discharge at a given time with the ordi- 
nate showing the head at that time, and at this point is written the 
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corresponding height of tide at Lawrence Point. For example: At 
0 hours 45 minutes on March 17, 1911, the rate of discharge was 
10,800 second-feet, the effective head was 0.51 foot, and the height 
of tide at Lawrence Point was 2.00 feet. This latter figure is 
plotted at the intersection of the ordinate and abscissa through dis- 
charge 10,800 and head 0.51, respectively. Upon the completion of 
the plotting, lines are drawn through the plotted figures connecting 
those that show the same tidal height at Lawrence Point. (See 
Plates 7B and 8B.) & 

To find the rate of discharge through Little Hell Gate, therefore, 
it is necessary to know only the tidal heights at Lawrence Point and 
112th Street. On the discharge diagram for Little Hell Gate the 
abscissa corresponding to the difference of height (which, of course, 
is subject to correction near slack water) is followed horizontally 
to the plotted line representing the given height of tide at Lawrence 
Point. The ordinate through this point is followed vertically to 
the upper margin, where the discharge rate is read off. 

Similarly, diagrams are constructed for Harlem Kills, the 
Harlem River, and, as will be shown later, for Hell Gate. It is 
found that separate diagrams are required for the north and south- 
bound tides in each channel. This is due principally to the fact 
that the same base curve is used for computing both flood and ebb 
discharge, so that, for the same difference of head and the same 
height at Lawrence Point, the stage or mean height is greater 
for the northbound tide. But even when the height at Lawrence 
Point on the northbound tide is lowered so that the same slope 
and stage prevails as for the southbound, the resulting discharges 
are still widely divergent, showing that other: factors, such as 
the different channels of approach, ete, enter largely into 
the problem. The diagrams are correct, since the points are found 
from observed data and not from computations, so that in the dia- 
geram discharges all of the various factors have entered, and these 
factors do not change the relative volumes of discharge in the same 
direction but at different stages and slopes. 


HELL GATE. 


On account of the great depths and strong currents encountered, 
together with the constant traffic, consisting largely of car floats 
and unwieldly tows, often under very poor control, an entirely 
different method was adopted for the field work in Hell Gate. 

The first necessity was a carefully determined cross section at 
the gorge between Negro Point Bluff and Wards Island and 
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Sealy Rock on the Long Island shore. The sounding obviously had 
to be done at slack water, the duration of which in Hell Gate is 
extremely short, requiring a heavy lead for sounding and con- 
siderable speed in its manipulation. 

The apparatus shown (Fig. 2b, p. 271) was devised to meet these 
conditions. The sounding line, of 1-16 inch steel ‘‘aviator cord,’’ 
supported the 20-pound lead, and was carried over three wheels, as 
shown. ‘The center wheel was exactly 1 foot in circumference and 
was direct-connected to a cyclometer, which registered tenths of a 
revolution. As one revolution of the wheel let out 1 foot of line, 
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Plate 13B (p. 272). Depth ahs: am. “To determine true depth of current meters 
or sounding lead, when length and slope of suspending cable are known. Find, 
on the parabolic curve, the given angle, which represents the slope with the 
horizontal of a tangent at this point. Determine the ratio between the vertical 
ordinate to the curve and the length of curve from the vertex to this same 
point. Multiply the observed length of lead line by this ratio; the result will 
be the required depth. In a similar manner, using the ratio between hort- 
zontal distance and length of curve, the departures of the meters or sounding 
lead from a vertical may be ascertained. 











soundings could be taken to one-tenth of a foot. The cord led to a 
crab-wineh in the boat, geared so as to take in or pay out the line 
very rapidly. 

In operation the boat was rowed across on range, at slack water, 
and the lead lowered by the winch until bottom was touched, when 
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the cyclometer was read and a flag signal given to a transitman 
on shore to cut in on the range and locate the sounding. One range 
across, with soundings at intervals of about 30 feet, occupied ten 
or twelve minutes and was all that could be accomplished at one 
slack period. The proposed meter section was sounded several 
times, and when plotted the soundings taken in one direction gave 
the section shown by dotted line (Fig. 3b, p. 273), while those taken 
in the opposite direction gave a section as shown by the broken 
line. This was due to the ‘‘drag’’ of the long lead-line while being 
drawn across behind the boat; and the mean of the two, shown in 
a heavy line in the figure, was adopted as the true section. Sec- 
tions were sounded 250 feet above and below the meter section, and 
found to differ very little from the latter or from each other, so 
that a reasonably straight run was assured on either side. 

The first attempt at measuring current velocities, June 23, 1911, 
resulted disastrously. A power launch, fitted with tackle for hand- 
line meters and the necessary electric recording apparatus, was 
taken into Hell Gate and an effort made to anchor in the current. 
The moorings would not hold, and in a struggle to refasten the 
line one man was dragged overboard and drowned, while some of 
the apparatus was smashed, necessitating another period of prepa- 
ration. 

The second attempt also failed, owing to the parting of some of 
the electric conductors leading to the meters, but the modus 
operand: was the same as later succeeded, and which will be de- 
seribed. 

It was recognized, as a result of the accident, that any stationary 
point of observation was impracticable, both on account of the 
difficulty of holding any craft in the current and of the time that 
must elapse between observations, in casting loose, moving, and 
making fast. Interference by traffic, much of which, when caught 
in the grip of the current is virtually beyond control, must also be 
considered. 

The plan finally adopted contemplated the use of a steam tug, 
running free, which could be brought slowly up to the range and 
her engines throttled until she hung poised in the current during 
the period of the observation, about one minute for each of four 
depths at one position. No difficulty was experienced in thus 
holding the tug upon the range and the distance out was determined 
by a sextant angle read by an observer in the pilot house. 

The three meters, heavily weighted, were suspended from an out- 
rigger over the bow by an especially manufactured cable, made up 
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of a center tension member (steel) and six surrounding single- 
strand electric conductors, insulated from the central core and 
from one ancther. Each meter had, therefore, a complete circuit 
of its own, and the distance between meters (about 114 feet) was 
so small that the mean of the three readings could be taken for a 
position, and if one, or even two, meters stopped recording, a record 
was still obtainable. The cable led inboard to a winch, the drum 
of which had been built up by rolling upon it a piece of thick can- 
vas until its circumference was just 1 foot, tested by winding up a 
100-foot steel tape in 100 revolutions. The length of cable out 
was read from a cyclometer, placed on the winch, and reading feet 
and tenths. The actual depth, however, on account of the swift 
current, differed greatly from the length of line paid out. Where 
any correction at all is made for this it is usual to simply measure 
the angle of departure of the suspending line from the vertical, and 
to multiply the length of line by the cosine of this angle to deter- 
mine the true depth. 

In Hell Gate, however, this departure was so large, amounting 
in some cases to 60 degrees, the depth so great (120 feet in the 
center) and the previous assumption, that the line is straight from 
the point of suspension, is so manifestly inecrrect that a more 
accurate method of determining the depth was sought. 

The line will evidently assume the shape of a curve, due to 
the tension of the weight acting downward, of the opposite 
reaction R at the pcint of support, and of the horizontal force 
of the current. Were this latter force uniform, the curve would 
evidently be a parabola, and it may be assumed to be such for all 
practical purposes. To find the depth of the meters, therefore, 
for a given angle and a given length of cable paid out, the diagram 
in Plate 13B (p. 269) was constructed upon cross section paper. The 
curve 1s a parabola, plotted with its vertex up the x-axis, and the 
points of tangency marked for tangents making 25, 30, 35 degrees, 
ete., with the horizontal. The lengths of the curve from the vertex 
are also marked. Seales of vertical depths and horizontal distances 
are placed in convenient positions upcen diagram. The assumption 
upon which this computation is based is that for a given slope of 
the parabola, the ratio between the curve length and the semi-chord 
through the point of tangency is constant. To use the diagram, 
suppose that the cyclometer on the winch reads 73.5 feet of cable 
out, and its angle with horizontal is 60 degrees. Locating the 
point of tangency for an angle of 60 degrees, we find the length 
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of curve to that point is 30.5, and the vertical ordinate is 28.8. 
Setting a slide rule to the ratio 28.8: 30.5 and solving the proportion 
with 73.5, the recorded length of line as the third term, we obtain 
69.4 as the depth of the meters. 

No great refinement is claimed for this method, and it would 
probably not stand the test of a rigid mathematical analysis, but it 
is at least more accurate than the ordinary method of considering 
only the slope of the line, and in testing its accuracy by lowering 
the meters to bottom in localities previously sounded at slack water, 
the results agreed uniformly within 1 per cent or less, whereas, for 


PL LOM EN 


. 
. 
. 


Bee 


Sounding 7oLeS = 





' Fig. 3b (p. 270). Cross sections of Hell Gate at Negro Bluff. Horizontal scale, 
1 inch equal 233.6 feet; vertical scale, 1 inch equal 93.4 feet. 


the location of the meters, an accuracy of even 2 per cent would 
have been sufficient. 

The horizontal seale on the diagram may be used in the same 
manner, by a proportion, to determine the horizontal displacement 
of the meters. This is not excessive, and, considering the straight 
run, no correction was deemed necessary, but if desired, the ob- 
server may, when this amount has been determined, place himself 
an equal distance aft of the point of suspension when he will be 
above the meters and may bring his new position upon range. 

The procedure of taking observations was as follows: 

The chief of party, equipped with a sextant, stationed himself 
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just outside the pilot house of the tug, a table tacked up near at 
hand gave the sextant angles computed for 50-foot intervals across 
the river. The sextant was set at the required angle for a given 
distance out, and the tug gradually approached the range, steering 
so as to arrive on line at the proper distance from shore, the meters 
being paid out as the line was approached. A computer was sta- 
tioned in the pilot house with a slide rule, the parabolic curve depth 
diagram mentioned above, and a cross section chart of the meter sec- 
tion, from which, knowing the distance out, the depth could be 
picked off. As the measurement was always made at a predeter- 
mined station, and observations were made as nearly as possible at 
the 0.2, 0.4, 0.6, and 0.8 depths, it was a simple matter to find the 
depth at which the meters should be placed. (Tidal height was read 
and signalled from shore at the commencement of each set of ob- 
servations. ) 

One man, equipped with a clinometer, read the slope of the 
suspending eable as the tug approached the line. From the re- 
quired depth and this angle, the computer, with the diagram and 
slide rule, obtained the required reading of the winch eyclometer 
to place the meters at the desired depth. If the slope changed 
as the meters were raised or lowered, a second computation was 
made, taking but a second or two. An exact location at the 0.2, 0.4, 
etc., points was not imperative. 

The speed was gradually reduced until finally the tug hung 
balanced in the current on range, with the meters at approximately 
the required depth. Then the three observers, each with a stop- 
watch and a telephone head receiver connected with one of the 
meters, observed the time for a stated number of revolutions, usually 
ten. These were called out in sequence to the recorder, who placed 
them in his note-book. The depth recorded was that computed 
from the cyclometer reading and the slope of the cable after the 
meters were in position, and not that at which the meters should 
theoretically be placed. This distance, however, between the actual 
depth and the theoretical points was in most cases negligible. 

If the tue could be held stationary for a lone enough period, 
the four depths at one station would be observed in succession, 
taking about five minutes, but if not, the approach was made as 
before at the same distance out, the meters at the new depth. 

In this manner the stream was crossed, using, say, the 100-foot 
stations, then returning to the starting point and crossing again in 
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the same direction, observing at the 50-foot points. The two trips 
across consumed about one hour, giving a complete observation at 
.each interval of 50 feet within that period. 

Manifestly, a continuous observation for three days, such as was 
taken in Little Hell Gate, Harlem Kills and the Harlem River, 
was impracticable, so a set of observations extended only through 
one daylight tide, about twelve and one-half hours, and the varying 
conditions were obtained by taking one set on a spring, or large 
range tide, the other on a neap or small range tide. 

The methods of reduction employed differ somewhat from those 
used in the minor channels, greater accuracy being desirable on ac- 
count of the importance of this channel in relation to the whole 
problem. The discharge through this channel is equal to about 
98 per cent of the total East River mean flow and is over twenty 
times the combined flow of Harlem Kills, Harlem River, and Little 
Hell Gate. 

As a first step, the mean velocity in a vertical was determined by 
drawing and integrating the vertical velocity curve as fixed by the 
observations at 0.2, 0.4, 0.6, and 0.8 the depth. The mean abscissa 
to this curve was checked roughly by comparison with the 0.6 
depth velocity, the mean of the 0.2 and 0.8 depth velocities and of 
the 

0.2127 (0.6) +0.8 
+ 


all standard methods for computing mean velocity in a vertical. 
In practically all cases the agreement of these values was excellent, 
except near slack water, where cross currents always rendered the 
readings of uncertain accuracy. 

Next, all velocities recorded for any one station were grouped 
together, and the velocity curve for that station during the period 
of observation was plotted on a time ordinate as explained for 
Little Hell Gate. For instance, at station 5+-50 feet on the ob- 
servation of August 4, 1911, the following observations were taken, 
the times of observation being the numerators and the mean 
velocities of the station being the denominators: 


78 6:02 7:50. 9:43 11: 224 ULES (py 12:30 13:22 
1.94 4.57 4.40 0.82 0.0 eae. o | 
dyeo2 16711 17330 17:95 (3 ck) 
—5.59 —4.37 -1.61 0.0 








(slack) —— 
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Similar local velocity curves are constructed for each station 
across the river, representing the simultaneous movement of the 
water in ancl vertical planes. 

These eurves are then divided into Werck: periods, the odd 
intervals near slack being considered as separate periods. Ob- 
viously, these periods are the. same for each curve. Choosing a 
certain period, say 8:00 to 9:00, we now draw upon an axis repre- 
senting the width of the river a horizontal velocity curve, plotting 
at each station the ordinate to the local velocity curve of that sta- 
tion at the middle of the period. 

Similarly, horizontal curves are drawn for each hourly period, 
and the discharge rates are computed directly from these curves 
by the well-known formula: 


Vee errs 
Dat a 3 





)xL 


where V, and V, are velocities at adjacent sections, d, and d, are 
depths at these same points, and L is the distance between the sec- 
tions. The sum of these partial discharges for the entire width of 
the river is the total rate of discharge of the stream at the hour 
taken. 

As explained for Little Hell Gate, there is now drawn upon a 
horizontal axis the marigram or tidal curve of the meter section 
(off Negro Point) during the period of the observation, together 
with the area curve. On a second horizontal axis, but on the same 
time ordinates, is plotted the discharge curve, using the rates 
found as above for the middle of each hourly period. Dividing the 
discharge at any time by the area at the same moment, gives the 
mean velocity, the curve of which is plotted on the same axis as the 
discharge curve. 

Having simultaneous records of the tidal heights at each end - 
of Hell Gate and the discharge curve as obtained above, a discharge 
diagram on logarithmic paper can be prepared for the north and 
south flow in Hell Gate, as explained for Little Hell Gate. 

The averaged field observations taken at the various points ind1- 
cated that the maximum discharge and velocity through Hell Gate 
on the northbound tide occurred at about the seventh lunar hour, 
and at almost the same time for the Harlem River and the other 
connected channels. This hour is about three and one-half solar 
hours after slack water in Hell Gate, and the tide is then con- 
siderably below its half height. 
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On the southbound tide the maximum discharge and velocity oc- 
eurred at about the twelfth or zero lunar hour, or about two and 
one-half solar hours after slack water in Hell Gate, the tide being 
then considerably above half height. On account of this larger 
channel area at the maximum of the southerly flow, a less velocity 
was found than at the maximum of the northerly tlow. 

The discharge used in investigating the effects of diverting part 
of the northbound flow was 287,000 cubie feet per second through 
Hell Gate, deduced from the observations, as the maximum at the 
seventh lunar hour for a tide of mean range. For the correspond- 
ing southbound flow the discharge was taken as 282,000 cubic feet 
per second, occurring at the twelfth or zero lunar hour. The local 
slopes were obtained by observations of tidal heights at various 
points from 24th Street to North Brother Island, and the discharges 
in the connected channels and in the Harlem River were similarly 
deduced from the local measurements before described. Taking 
these maximum discharges, investigation was then made as to the 
reduction in flow which would result in the main Hell Gate channel 
from a diversion of part of its discharge. Necessarily, all results 
were approximate. On the northbound tide, for example, such a 
diversion would reduce the surface elevation at the south entrance 
and thus lessen the hydraulic head. <A reduction of this elevation 
would also affect the elevation at the north end, but to an extent 
which could not be foretold. On the other hand, the flow ab- 
stracted from Hell Gate at its south end would be brought in again 
at its north end, traveling via Little Hell Gate and Harlem Kills, 
and thus would tend to restore the original elevations at the north 
end. 

Again, part of the reef off Hallets Point would be excavated -to a 
depth of 35 feet, adding about 5,700 square feet or about 12 per 
cent to the area of discharge. This would tend to increase the flow 
into Hell Gate, and the proposed excavation of Middle Ground off 
Lawrence Point, now a cause of strong eddies, would tend to 
facilitate its escape. The intervening areas, on the other hand, 
would be unchanged, and this would offset to some extent the ten- 
dency towards the increase of flow. 


EFFECTS OF DIVERSION OF FLOW FROM HELL GATE. 


For investigating the effect of transferring part of the Hell 
Gate flow to Little Hell Gate and Harlem Kills, the northbound tide 
was first taken, as this appeared to have greater velocities than the 
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southbound flow. Taking as a basis the discharge and the slope 
existing at the seventh lunar hour between 89th Street (Horns 
Hook) and Lawrence Point (a discharge of 287,000 cubic feet per 
second and slope of 1.2 feet being used as the mean of several 
observations) the changes in the discharge were computed corre- 
sponding to the lowering of the water surface (at 89th Street) 
which would result from the enlargement of Little Hell Gate and 
Harlem Kills. The enlarged channels were assumed to be as fol- 
lows: 


Little Hell Gate, 600 feet wide and 24 feet deep; Harlem Kills, 
480 feet wide and 24 feet deep. 

These sizes were assumed for the purposes of general computa- 
tion only, and with a view to providing maximum areas. It must 
be remembered that they are not given as being necessarily the 
sizes desirable, and that the actual areas to be adopted, which might 
be smaller than those assumed, can only be determined after further 
investigations both in the office and in the field. 


From the observations (which, however, were not sufficiently 
close to place the question beyond doubt) the surface of the water 
on the northbound tide, while passing through the basin between 
Astoria and the Manhattan shore, appeared to lose much of its 
slope. This change was caused by the width of channel and by 
the reefs off Hallets Point and in Little Hell Gate and Harlem 
Kills under the assumption that the change of slope caused by 
diverting some of the northbound Hell Gate discharge would be to 
some extent absorbed by this pool, and would not greatly affect 
the slopes past Blackwells Island. 

On the basis of the foregoing, it was found that a lowering of the 
surface at 89th Street of about 0.55 foot, on the northbound tide at 
the seventh lunar hour, would divert about 80,000 eubie feet per 
second, or about 28 per cent of the flow now passing through Hell 
Gate, and would about utilize the full areas of the new channels of 
Little Hell Gate and Harlem Kills. The entire flow down the 
Harlem River from the Hudson would be passed through Harlem 
Kills. Neglecting the accompanying minor or uncertain effects 
before alluded to, such a diversion would have the following results : 


Approximate reducticn of mean velocity past Negro Bluff, 1.7 feet 
per second or 1.1 miles per hour. 


(The present mean velocity is 5.95 feet per second, or 4.0 miles 
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per hour; the new would be 4.25 feet per second, or 2.9 miles per 
hour, a reduction of 2814 per cent.) 


New mean velocity in the Harlem River north past Wards 
Island, 414 feet per second or 3.1 miles per hour. 

(This would have to be accompanied by some erosion of the 
present channel in order to pass the flow. The present velocity is 
negligible. ) 


New mean velocity in Little Hell Gate, 4.4 feet per second or 
3.0 miles per hour. 


New mean velocity in Harlem River north past Randalls Island, 
2.33 feet per second or 114 miles per hour. 

(This would have to be accompanied by some erosion of the 
present channel. The present velocity is negligible. ) 


New mean velocity in Harlem Kills, 2.9 feet per second or 2.0 
miles per hour. 

There would also be an increase in the velocity and discharge of 
the southbound flow in the Harlem River north of Willis Avenue, 
which would probably not exceed 20 per cent, as the friction in this 
channel is very large. 


For the southbound tide through Hell Gate, the stage at the hour 
of maximum flow is about 5 feet higher at Lawrence Point than 
at the hour of maximum flow for the northbound tide, and the 
discharge areas of the new channels would be correspondingly in- 
creased. The fall between this point and 89th Street is then about 
1.3 feet as compared with 1.2 feet for the northbound tide. 

The general effect on the southbound flow of opening Little Hell 
Gate and Harlem Kills would therefore be to pour a large additional 
volume of water into the basin around Mill Rock, raising the 
water surface there and reducing the present slope and velocities 
through Hell Gate. This would be offset in part by the increase 
in the discharges past Blackwells Island resulting from the raising 
of the level around Mill Rock, and the final resulting balance would 
five proportionate velocities not widely different from those ob- 
tained for the northbound tide. 


Effect of Storms on Cidal Levels and Minor 
Srreqularities in Cidal Curves 
BY 


Col. FREDERIC V. ABBOT 
Corps of Engineers; Member American Society 
Civil Engineers 





The reduction of marine soundings is often based on the assump- 
tion that in the geographical area covered by a survey, including 
therein the standard tide gauge, the surface of the ocean is a plane, 
the water surface at all points rising and falling simultaneously 
with that at the standard tide gauge. In long narrow tidal estu- 
aries this assumption is so evidently far from true that a time allow- 
ance is made to partly eliminate the lag or precedence of the rise 
or fall of the water surface where the soundings are made, as com- 
pared with that at the tide gauge. Soundings in the offing, well 
outside the general coast line, with a tide gauge near the shore but 
to the seaward of the beach, are often thought to need no such time 
allowance. The object of this paper is to place on record some 
accurately observed and recorded data which indicate that meas- 
urable error in reducing soundings actually results from such 
assumptions; to show that the surface of the ocean as much as 3 
miles from shore is not a plane, or simple ellipsoidal surtace, but 
presents local elevations and depressions due to tidal flow, to the 
form of the bottom, to momentum causing water to flow uphill 
over submerged sandbars, to loeal differences in specific gravity of 
the water off the mouths of fresh-water rivers of large discharge ; 
and that differences of barometric pressure cause similar elevations 
and depressions, large as well as small. It is logical to take up 
pronounced phenomena first, and later to investigate those of simi- 
lar cause but of lesser magnitude. 


STORM TIDES. 
The hurricane which devastated the South Atlantic coast on 
August 26-27, 1893, gave an opportunity to observe the extreme 
280 
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heights of high water at many points near Charleston, 8. C.; these 
points were subsequently connected by accurate levels. The fol- 
lowing table gives the extreme elevations in feet above mean low 
water reached by the surface of still water in the interior of houses, 
ete., at the time of this storm. 


Above M.L.W. 
In four different houses on the east waterfront of the city 12.65-12.97 





In five different houses in the interior of the city___-_-___ 11.27-11.3] 
In one house on the extreme western water front____-~~~ 11.22 
In two houses on the eastern side of the city, but a couple 

of blocks from: the wharves. o> 2 eee ath at "s 
In a house on Sullivans Island, a quarter of a mile west of 

Fort Moultrie. i2..2 2222S ee 11.25 
In a house on back beach of Sullivans Island___-__----__ 11.20 
In a-house 4% mile east of <Forts Moultrie. eee 11.63 
In a house nearby, but surrounded by low sand hills___-_~ 11.80 
In. a magazine® at” Port. Sumtets-2— 2.22 ee 11.46 
Mean high water level at Charleston 1s 22 == 203223 es 5.08 


The above record shows that during this storm local levels ex- 
ceeded normal by 7.89 feet and varied among themselves by 1.94 
feet, due to their location with reference to the direction of ap- 
proach of the water driven on shore by wind and wave, while the 
surface of the ocean off Charleston was locally raised something 
like 6 feet above normal high tide level. This storm was the worst 
known up to the present date at Charleston, but its tidal effects 
were less disastrous at Winyah Bay, only 50 miles to the northward, 
than a storm which occurred a year later, September 25-27, 1894. 
In the latter storm the tide at Charleston was only 9.7 feet above 
mean low water, at a time when the predicted normal tide would 
have been 5.6 feet. The latter storm was marked by the passage 
nearly over Winyah Bay of the center of the storm, as shown by 
general contours on the weather map, although the barometer 
actually fell nearly two-tenths lower at Charleston; the 1893 storm 
center passed almost directly over Charleston. 

Of this seecnd storm, Fig. 1 (p. 281) shows the great difference in 
tidal effects at the two localities. At Winyah Bay it is seen that 
diminution of the barometric pressure so held up the tide that at 
the time for low water the surface was less than 1- foot below its 
highest elevation. This super-elevation of water corresponded with 
a barometer fall of nearly an inch in twenty-four hours. With 
such an enormous elevation of the level of the ocean, due solely to 
atmospheric causes, it 1s evident, reasoning by analogy, that in 
ordinary weather local whirls and eddies in the air may correspond 
to smaller mamme on the water surface, sufficient in magnitude to 
vitiate the mathematical exactness of tide reductions applied to 
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observed soundings. Abnormal humps ‘and hollows in the record 
curves drawn by automatic tide-gauges are visible evidence that 
such vagaries of surface reach measurable magnitudes, certainly 
one or two-tenths of a foot, not infrequently. 

In 1909, on December 26, a storm of unusual severity occurred 
on the North Atlantic Coast, and advantage of the opportunity was 
taken by Col. Edward Burr to tabulate extreme high water marks 
along the coast from Portland, Me., to Block Island. The aceompany- 
ing sketch map (Fig. 2, p. 283) shows the location of tide observa- 
tions and the elevation of the storm tide at its extreme height, re- 
ferred in all cases to local mean low water, and the predicted 
normal level of high tide on that date. This map illustrates the 
effect of the general form of the shore line with reference to the 
direction of wind; and detailed study of the eomplete records in the 
Boston office, where great numbers of readings are lsted, shows 
that small local features resulted in disproportionate vertical dis- 
tortion of the high-water surface—for example, a difference of 1.56 
feet between high-water level at Deer Island and Lovells Island, 
Beston Harbcr, only about a mile apart. 

The Boston storm was one in which the low area was of great ex- 
tent, while the South Atlantic hurricanes above deseribed had more 
pronouncedly accentuated central depressions, like the vortices of 
tornadoes, in addition to the widely extended general low barometer 
usually marking a violent storm. This difference accounts for the 
local damage at Charleston and comparative immunity of Winyah 
Bay in 1898, and the reverse in 1894, though these localities were 
separated by only about 50 miles; while the low lands along the 
whole New England coast from Portland to Cape Cod were sub- 
merged by the extremely high tide resulting from the storm of 1909, 
in which the barometer fell about as far and as rapidly (1 inch in 
twenty-four hours) as in the ease of the earlier storms on the 
Carolina coast. (See Fig. 3 for full barometric data.) 

The exaggerated effects produced on the water surface by ex- 
treme storm conditions having been shown, the next step is to gather 
together data to show whether under normal every-day conditions 
the tidal rise and fall over such areas as are usually covered by 
harbor surveys may safely be essumed as approximately uniform. 

A special study of tides, made for Colonel Burr in 1908 in Boston 
Harbor by Lieutenant Park, is instructive. The object was to ob- 
tain by simultaneous tidal readings a number of permanent refer- 
ence points for tide-gauges. Staff gauges were read from about 
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three-quarters of an hour before high tide to three-quarters of an 
hour after. Watches were set and compared with great care, and 
the readings were taken about once a minute as accurately as pos- 
sible. Figs. 4 and 5 show the results of readings on September 
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20 and September 21; the former shows numerous irregularities in 
all the curves, the latter more regular curves. The small map at 
the bottom of each plate shows the relative positions of the gauges. 
- Vertical differences between gauges, amounting to as much as halt 
a tenth of a foot are apparent, even though the readings all le 
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within less than half a foot of high-water slack. At the outer gauge 
the shape of the tide curve is sharper on the 21st and flatter on the 
20th than that of any other gauge. The difference in time between 
equal readings on different gauges varies as much as ten minutes, 
and gauge No. 4, which shows the longest period of readings above 
reference 9.8, on September 21, shows the shortest period of read- 
ings above that level on the 20th, although the two tides were of 
almost exactly equal height. If the observations had continued till 
steep tidal slopes had become established, doubtless much greater 
differences would have been shown. At the outer gauge on both 
days there were well-defined periods of rising followed by falling 
and sueceeded by rising, which were real phenomena shown by 
numerous consecutive observations. None of the curves are the 
smooth, regular sinusoids called for by theory. 

Fig. 6 shows records from two automatic gauges in Newport. 
Harbor; differences as great as three-tenths of a foot are shown be- 
tween these gauges only half a mile apart. The accuracy with 
which the irregularities in one curve have shown day after day on 
the other indicated that these oscillations must be real local phe- 
nomena, not accidents due to poorly running mechanism of the 
gauges; but they were so pronounced and unusual that I had 
readings made, taken by careful observers of the staff gauges, and 
they verified the automatic curves. These gauges were used for 
reducing soundings on a rock-removal contract, where tenths of a 
foot meant dollars; the ledge was equidistant from the two gauges, 
and it was no simple matter to determine what gauge to use. The 
greatest variation shown on Fig. 6 (p. 290) is close to slack water, 
which is not usual, but is hke the Graves gauge record on Figs. 4 and 
) (pp. 287 and 289). I have personally known eases where, at the 
strength of the tide, two staff gauges on piles, less than 14 mile apart 
and both far from the nearest shore, differed in their simultaneous 
readings by half a foot, though at slack water of both high and low 
tide their readings were identical. 

With stretch of lead-line, bow in the line where the current is 
strong, lack of verticality, penetration of the lead into soft bottom, 
errors in location, unknown tidal slopes, wash of surface chop up 
and down on the line, long ground-swells, raising the surface of the 
water for seconds at a time, and motion of the boat, marine hydrog- 
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raphy is not the exact science it is sometimes thought to be. Even 
with poles in place of lead-lines, it is extremely difficult to make 
lines of soundings which cross show identical depths at the poimts 
of intersection. The duty of the hydrographer is not only to 
eliminate all known causes of error, but in addition to realize that 
for large areas his map will average close to the truth, but that in- 
dividual soundings and even large groups of soundings taken at 
about the same time may be several tenths in error in spite of all he 
ean do. The best rule I have been able to find is, Always to check 
lines of soundings by others on ranges crossing the first set. Where 
one line uniformly shows soundings deeper than those it crosses, re- 
ject that line and run it over again. I have known cases where a 
whole day’s soundings or a whole half-day’s soundings, accurately 
taken, apparently under the best conditions, failed to check cress 
lines within half a foot; a re-running resulted in entire agreement 
with the same cross lines within a tenth or two. The trouble was 
unquestionably an abnormal tidal slope between the area sounded 
and the tide-gauge used to reduce the soundings. 

At Brunswick, Ga., in 1895, it became necessary to determine with 
oreat accuracy the elevation of mean high water cn the bar, 4 
miles from shore with no islands intervening between the gauge and 
the beach. Mean low water was accurately known at an automatic 
tide-gauge station at the nearest point of the shore. <A self-register- 
ing tide-gauge station was built on the bar in about 18 feet of 
water, and a self-registering tide-gauge was operated there by a 
clock, electrically wound once an hour. It was necessary to have 
the gauge run as long as two weeks at a time, when storms made it 
impossible for the gauge tender to land at the station. Every 
known refinement was applhed to the maintenance and observaticn 
of the gauges and to the reduction of the records. Contrary to 
preconceived ideas, a well marked, quite uniform difference of range 
was found, as shown by the following table giving by half lunations 
the mean range in feet at the inner gauge, at the outer gauge, and 
the difference between the two. 
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Table of Means of Tidal Ranges at Brunswick, Georgia, March to November, 
1895, by half lunations. 
































Outer Gauge. Inner Gauge. Difference. 
Feet. Feet. : Feet. 
6.047 6.243 0.196 
7.148 (3295 0.147 
5.989 6.158 0.169 
7.020 7.189 0.169 
5.921 6.080 0.159 
6.920 (ye 0.202 
6.245 6.427 0.182 
6.646 6.85] 0.205 
6.768 6.957 0.1&9 
6.224 6.435 0.21] 
6.979 7.182 0.203 
5.983 6.180 0.197 
6.992 FADE 0.135 
5.491 5.665 0.174 
7.067 1.200 0.1388 
6.496 6.674 0.178 
5.524 5.691 0.167 
5.987 6.145 0.158 
Mean 6.414 Mean 6.590 Mean 0.176 





The New Italian Field Gun” 


TRANSLATED BY 


Capt. W. G. CAPLES 
Corps of Engineers 


Since the appearance of the French 3-inch gun, all the great 
powers have gradually changed their artillery matériel. Every- 
where, rapidity of fire has been the object sought by the con- 
structors who have solved the problem with more or less success or 
good luck until all modern guns can now be considered as about the 
same. In general, they differ in war only in the manner in which 
they are kept supphed and in their tactical employment. From 
this point of view, the example of the present Balkan war is very 
suggestive. 

On the other hand, it seems that in-rapidity and precision of fire 
and its destructive effect, a maximum has been attained that has not 
been exceeded for several years. That does not say that further 
progress along these lines is impossible, but rather that research has 
been along others. It is quite certain, for example, that the in- 
crease of the field of action of the gun and its more nearly perfect 
adaptation to the multitudinous needs of modern tactics are very 
desirable improvements to which no artilleryman can remain in- 
different. 

It is along these lines that Colonel Deport, the inventor of the 
35-inch gun, has directed his studies. The matériel that he has de- 


“Translated from Militaire Suisse for January, 1913. One of these guns 
has been brought to this country by the Ordnance Department and tested by 
the Field Artillery Board with a view to seeing whether any of the features of 
the carriage were worthy of being adopted for United States service. It is 
understood that there are some tests yet to be carried out, but that so far the 
reports are favorable to the type of carriage invented by Colonel Deport. 
The Deport gun has also been adopted for use by the United States Marine 
Corps for the advanced base of an expeditionary force. For further 
information, and particularly for Colonel Deport’s own account of his 
gun, see translation of Revue D’Artillerie of June, 1911, published in the Field 
Artillery Journal, January-March issue, 1912, also translation from the German 
of an article on ‘‘Italian Field Guns,’’ published in October-December, 1912, 
ED. 





issue of same journal. 
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Fig. 1 (upper). Sketch plan of Deport gun, showing field of fire and rela- 
tive positions of the wheels and trails. (See page 296.) 


Fig. 2 (lower). Sketch of rear view of gun with princinal parts lettered. 
(See page 296.) 
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signed and that has been adopted in Italy after long and exhaustive 
tests, presents, along these lines, some advantages that it appears 
interesting to demonstrate. 

It would be superfluous to explain to the readers of this paper 
how great rapidity has been attained in the fire of modern field 
artillery. But, whatever may have been the means employed, this 
rapidity of fire has, up to the present time, always had its draw- 
backs; that is to say, a very narrow limitation of both horizontal 
and vertical field of fire, a limitation that does not fail to be very 
inconvenient. | 

Practically, the narrowness of the field of fire requires that aim- 
ing at any object whatsoever involves first the pointing of the car- 
riage almost with the same degree of nicety required by the old- 
style cannon. This operation is much longer and more difficult 
when the gun has been previously fired and the carriage thereby 
has been firmly anchored in the ground. Such a procedure is so 
slow that it loses much of the advantage gained by the rapidity of 
fire possible with the gun. 

The reduced field of vertical fire has consequences not less unhap- 
py. Without attempting to enumerate them all here, it will suffice to 
invite attention to the difficulties met with, in mountainous country 
or simply by aecident—where the slopes often prevent attaining 
a fire of much effect—to give the piece a sufficient inclination 
Generally, success in such instances has been obtained only by 
improvised means and with the double difficulties of delaying the 
opening of fire and interfering with its regularity. 

In spite of all the progress made in the last twenty years, the 
guns now in use are far from the ideal cannon dreamed of by 
General Langlois—that is, a gun that will pour shrapnel upon any 
point on the field of battle as easily as water is turned with a hose 
upon the different parts of a burning building. 

But in doing away with all changes of position of the carriage 
for firing upon moving objects or change of objective, in consider- 
ably extending both the vertical and the horizontal fields of fire 
and, finally, in simplifying still more the duties of the gun pointers, 
it seems that Colonel Deport has approached remarkably near the 
ideal. 

ATTAINMENT OF A LARGE FIELD OF HORIZONTAL FIRE. 
To permit wide changes in orientation by moving the gun on the 


carriage without affecting the stability of the latter and, conse- 
quently, without deranging the pointing of the piece, it is better 
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to use four solid points of support upon the ground rather than 
the three now used. This result has been attained by substituting, 
for the one-piece trails now in use, two trails arranged to rotate in 
the axle. These two trails, joined together on the march in such a 
manner as to permit the usual arrangement, can open, at the in- 
stant of going mto battery, so as to inclose a sector of 54 degrees. 


(1) Axle Froller 
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Fig. 3 (upper). 1. Recessed axle of Deport gun, shown in vertical projection. 
2. Recessed axle in horizontal projection. (See page 296.) 
Fig. 4 (lower). Sketch of vertical projection of gun, showing position before 
and after being fired at 60 degrees elevation. Note that the gun has re- 
coiled downward, while both cradle and gun have recoiled horizontally to the 
rear. (See page 298.) 
The ends of the two trails rest on the ground by means of two shoes 
forming large surfaces of support and are immobilized by two trail 
spades driven with a small sledge. 
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The wheels carry a recessed axle, cut in its center in the shape of 
a bracket block. At the lower bed of this frame is fixed a pivot 
upon which the bearing of a revolving saddle engages. At the 
same time that it shows the seating of the carriage on the ground, 
the sketch (Fig. 1, p. 293) shows the extreme directions between 
and with it the gun—can be displaced without 








which the saddle 
deranging the aim. 

The changes in azimuth of the revolving saddle, called the ear- 
riage saddle, are made in the following manner. At the rear post 
of the lower bearing of the axle is fixed a toothed are concentric 
with the axis about which the saddle revolves. (Figs. 2 and 3, pp. 293 
and 295.) A worm, V, fastened to latter engages in the toothed are. 
This worm is actuated by a pinion which is moved by a sprocket 
chain that is itself actuated by another pinion. This second pinion 
is carried on the arm ‘‘H’’ forming part of the saddle and keyed 
to the axis of a hand-wheel ‘‘V’’ for pointing in azimuth. The 
hand-wheel ‘‘V’’ controls all the movements of the spreeket chain 
and permits turning the saddle in any desired direction. Hach 
turn of the wheel corresponds to a deflection of 32 milliémes or 2 
degrees. The pivoting system is balanced in such a manner as to 
render the movements very easy and rapid and to facilitate changes 
in orientation. It requires five or six seconds to go from one ex- 
tremity of the field of fire to the other. 

A Goerz panoramic.-glass fixed on the arm ‘‘H”’ serves as the 
means of sighting. <A suitable small mechanism permits keeping 
the axis of suspension of the glass parallel to the axis of thee gun 
and of automatically correcting the inclination of the axle and the 
drift. 3 

This arrangement, combined with the opening trails, makes it 
possible to increase the breadth of the field of horizontal fire from 
the 6 or 7 degrees obtained with the present material to 54 degrees, 
without affecting the stability of the carriage and without derang- 
ing the aim. 

It is clear that a rotation of the carriage about of the spades, 
B,’’ for example (Fig. 1), is impossible so long as the axis of re 
coil prolonged remains inside the lines B,B,, the spade B, forming 
an obstacle to rotation about B,. But the derangement of the piece 
eould still be due to another cause. The action of the recoil tends 
to turn the whole carriage, according to the direction in which it 
acts, about the line R,B, or R.B., going from the extremity of the 
spindle of the axle to the spade. But mathematical deductions, 


se 
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which need not be given here, show that derangement is not to be 
feared so long as the axis of the saddle remains inside the angle 
formed by the axes of the two trails prolonged. In practice, it is 
possible even to go a little beyond these limits. One of the wheels 
may be slightly ltted at the moment of recoil but, thanks to the 
solid anchorage of the carriage in front and behind, it falls back 





Fig. 5. Rear view of Deport gun. Breech in extreme right position. 


exactly into its former position and produces no change in either 
inclination or direction of the piece. 


LARGE FIELD OF VERTICAL FIRE, 


The small height of the trunnions above the ground in modern 
-guns makes it impossible to gain an extensive field of vertical fire 
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when the only device used to take up the recoil is the recoil eyl- 
inder with an axis 1.3 meters long. 

In place of the single recoil cylinder, Colonel Deport has substi- 
tuted : 

Ist. A shoe recoil cheek sliding on the cradle of the carriage with 
a run of only 1 meter. 

2d. A recoil eylinder (berceau-frein) on the piece, with a run 
of 0.36 meter. This recoil cylinder rests on the shoe by two bear- 
ings, which permit an elevation of 50 degrees. (See Fig. 4, p. 295.) 

The carriage cradle and, consequently, the shoe recoil check, on 
their part, can be elevated from —10 degrees to +10 degrees. 

The elevation of the carriage cradle is obtained in the following 
manner. The lower frame of the axle is fastened to a crossbar, 
“1? by a toggle joint (articulation 4 genou). This crossbar is 
fastened at its ends (f and ?’) to the trails, one side, and to the 
axle on the other by means of the two aiming sectors, which are 
actuated by two hand-wheels, M and M’. Turning these wheels 
causes the crossbar, ‘‘T,’’ to rise or fall and gives to the sill of 
the axle frame an oscillatory movement which is transmitted to the 
carriage cradle and by it to the slide. If only one hand-wheel is 
used the movement is only half as rapid. 

On the right of the gun cradle is fixed a solid toothed are en- 
gaging with a pinion earried by the earriage shce (traineau 
d’affat) ; a hand-wheel, V’, controls this pinion by means of another 
worm gear. Turning this hand-wheel gives the axis of the gun the 
desired elevation with respect to the axis of the shoe (traineau). 

When firing at small angles the courses of the two recoil cheeks 
are added to form a total course 1.36 meters long, insuring sta- 
bility. In firing at large angles, on the contrary, where lifting of 
the carriage is not to be feared, the cannon recoils downward only 
0.36 meters and can be easily loaded and fired. The two reeoil checks 
adjust themselves automatically to any angle of fire without requir- 
ing any connection between them. 

The field of fire thus attained ranges from —10 degrees to +60 
degrees, making an amplitude of 70 degrees; four times greater 
than possible with the present guns. 


SEMI-AUTOMATIC BREECH MECHANISM. 


The adoption of a semi-automatic breech mechanism completes 
the improvements by relieving the gunner on the right from leaving 
to open the breech, thus facilitating the aiming and increasing the 
regularity of fire. 
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The breech is of the same system, eccentric screw, as that of the 
3-inch gun, well suited to being made semi-automatic. 

To the cireumference of the breech-block, which makes the elos- 
ure, is fitted a toothing which engages a pinion, ‘‘P,’’ fastened to 
the cannon and keyed to an arbor formed by a reversible quick- 
motion (a long pas) screw. The screw engages in a nut in a 
central eylinder forming part of the cradle. This nut, from the 
nature of its setting, can have only a simple motion of translation. 
When the nut is run forward or back it turns the screw and 
through it gives the necessary closing or opening movement to the 
breech. 

The movement of the nut is produced by two springs which, 
compressed by the recoil, serve, one to open and the other to 
close the breech. 

(The article here continues with the details of the service of the 
piece, interesting rather to the artilleryman and the ordnance ex- 
pert than to the engineer. Briefly, the convenience and simplicity 
of the firing arrangements have been improved. The piece is 
quickly set and rapidly shifted to cover any target. Four men are 
required, to serve the piece, one to give direction, one to give eleva- 
tion, one to load, and one to pass charges to the loader. The first 
three are protected by the shield of the piece and the fourth by the 
limber. ) 

The piece 1s placed in battery at least as rapidly as with the 
present gun. This is not surprising, since with the wide field of 
horizontal fire the initial setting of the piece does not have to be 
so accurate. As soon as the piece is in battery, the gun crew are 
fully protected before the first shot is fired. 

The Italian tests show that the gun travels as well as, if not bet- 
ter than, the present guns. As to its ruggedness, an accident hap- 
pened that gives a good illustration. Due to carelessness in not 
setting the brakes, a gun and limber ran down and over a cliff 200 
feet high. One wheel and one trail were broken, the shield was 
bent, the limber was stove in, and the foot of the other trail was 
injured. None of the mechanism was either injured on the gun or 
on the carriage. A few days repairs and a new trail put the piece 
into service again. 

In comparative tests with the Schneider and the Krupp, the 
Deport gun proved superior and met every requirement. In one 
test, each piece was required to fire 500 shots in six hours. All four 
of the Deport guns met the test, the recoil checks acting regularly 
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and none of the parts showing any appreciable wear after the 
test. The Krupp guns tried to get through by removing part of 
the liquid from the cylinders but the pieces failed to return, some- 
times by as much as 0.25 meter, causing the fronts of the cradles to 
swell and give way from the blast of the guns. Only one Schneider 
gun out of four could fire the full 500 rounds, but immediately 
afterward the liquid in the check overflowed. 

The tests left no doubt that the Deport gun is superior to the 
Krupp and to the Schneider in the ease with which it is placed in 
battery, the execution of fire, the accuracy of fire, the resistance of 
the material to shock and to the march, and in the degree of per- 
fection of the mechanical devices. 


TACTICAL ADVANTAGES. 


(The article treats of the subject, naturally, from an artillery view 
point, which, in many eases, is only of passing interest to the engi- 
neer. The Italian gun, if the reports be correct, will fill all the 
functions of a field gun, a howitzer, and a mortar. Where such a 
oun is to be used, it is possible for the engineer to locate his works 
so close up under a reverse slope that nothing short of a howitzer 
or a gun of the same type can silence the fire of the gun emplaced. 
If the natural slope is not steep enough to cover the gun, a little 
scraping of the hillside—the simplest and easiest kind of work— 
will give an emplacement from which the Deport gun ean fire with 
complete immunity from anything less than a gun of the same type 
or of a mortar.. The wide field of horizontal fire makes the prob- — 
lem of mutual support far simpler, as positions whieh formerly 
could not act together can now cross their fire. Concentration of 
fire can be obtained with an even greater dispersion of guns. 
Divided into small widely spaced groups, the Deport offers a 
hostile artillery no chance for concentrated fire. The rapidity with 
which a change of target can be effected makes firing against 
infantry frequently possible where formerly the time required for 
change would result in the loss of the target. At a range of 3,000 
yards a gun without change of position can in six seconds run 
over a front of 3,000 yards. If the ranges are established in ad- 
vance, infantry exposing itself even for a moment will be severely 
punished. 

(The ability to search out rear slopes raises new problems in 
shelters for reserves and for communication. Evidently, the ar- 
tillery need no longer stop firing when the attacking infantry most 


303 


FIELD GUN 


AN 


THE NEW ITALI 


B A[UO YY 





M 10 AT[B 


JUOZI 


‘Wuoaf OY OF IYSreajs puB WOIPVAs[a JO ofLsue pST[s 


Loy o 


ty 0} uortsoed ut uot 


M 


I} 


30 


“ 


cous 


Ay} 


Dye) 


itp wo 


If Uses $ 


B 


uns y1odeq, ayy 








304 THE NEW ITALIAN FIELD GUN 


needs support, but may simply change its target slightly and pre- 
vent the arrival of reserves and turn an ordinary defeat into a 
panic if the defenders have to retreat over open ground, even though 
it be on a rear slope. 

(Probably the most noticeable change to meet the action of sueh 
a gun will be in the cover provided infantry trenches. For a 
long time it has been almost axiomatic that an infantry trench 
effectively reached by artillery is untenable. In the Russo-Japan- 
ese War, artillery. reached the point where it was able to 
search trenches quite effectively. One very competent observer 
expressed the opinion that a trench without headcover, unless con- 
cealed, was a detriment rather than an aid, since it showed exactly 
where the defenders were and gave them no real protection since 
it left their heads as vulnerable as in the open. This same ob- 
server holds that a soldier using natural cover is less liable to be 
hit than one in a visible trench without headcover. In tests made 
for the Board on Engineer Troops in connection with the supply of 
intrenching tools to infantry, it was apparent that, even under 
rifle fire only, the chances of killing a man lying down and of kill- 
ing one with his head and shoulders exposed over a trench are 
about the same. Aside from other blunders, there is no doubt that 
the nature and position of the Russian trenches at the Yalu con- 
tributed largely to the Russian defeat. The loss of the strong 
Russian position in the first day’s fighting at Liao- Yang was due in 
no small measure to two little mountain guns that were able to get 
into a concealed position and fire directly into the Russian trenches. 
Instances could be multiphed to show that artillery is increasingly 
able to get into the infantry trenches, and when it does get in the 
infantry must leave. 

(The Deport gun acting as a mortar can attack a trench with 
unimpeachable thoroughness. Concealment, already a prime requi- 
site of a good trench, necessarily becomes of greater importance 
than ever. Slopes must be so flat as to be invisible at very short 
ranges, crest lines must follow the natural contours even closer, and 
the most scrupulous care must be taken to make the parapet blend 
with foreground and background or disappear entirely behind a 
few rows of corn, a little brush or other natural concealment. 

(With projectiles falling at mortar angles, mere head-cover will 
no longer answer for lack of invisibility. Overhead cover as well 
must be added to guard against shrapnel, while the already fre- 
quent traverses must be brought closer together to limit the effects 
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of high explosive shell. If the ammunition supply can be kept up, 
a gun capable of firing 500 rounds in six hours must sooner or later 
search a visible trench. The thickness of overhead cover will tend 
to increase, obstacles will take on an added importance, and the 
operations, like some of those on the Sha-Ho, will approach more 
nearly those of a siege under the influence of a gun that is at 
once field gun, howitzer, and mortar. 

(While the dead space of indirect fire is materially lessened for a 
gun that can act as a mortar, the necessity of being able to use 
variable charges and fixed ammunition at one and the same time 
presents some problems for the ordnance expert before the Deport 
gun can reach its full value, but, lke all other problems, the 
genius of some man will offer a solution. 

(Certainly, if the Deport gun is the success that it is reported to 
be, the answer to the question of how to meet its offensive power is 
evidently its universal adoption and, in common with the Swiss 
reviewer, ‘‘We see how new and fertile is the field opened by the 
eminent engineer and we may feel sure that in this instance, as in 
preceding ones, he will find many imitators who will have to follow 
in his path.’’) 


But. Maj. Hen. Simon Bernard” 
BY 


Maj. Gen. WILLIAM H. CARTER 
United States Army 


Nearly a hundred years ago, when America was ranklng with 
the humiliation of the second war with England, relieved only by 
the briluant campaign of Jackson, the President advised our repre- 
sentative in Paris to secure the services of an eminent military engi- 
neer to supervise the fortification of our coast. Paris was filled 
with French officers without employment by reason of the final 
downfall of Napoleon at Waterloo. In looking over the field of 
experienced officers our representative had the good fortune to 
encounter Gen. Simon Bernard at a moment when he had been 
warned by the French minister of war that for his personal safety 
he, Bernard, should quit France without delay. Bernard’s repu- 
tation as a military engineer was of so high an order that his 
services were eagerly sought by several European governments, and 
most flattering offers were tendered to him, all of which he de- 
clined in order to follow the example of Lafayette, Rochambeau, 
du Portail and other gallant Frenchmen who had gone to aid 
America in the Revolution. The lfe story of this modest and 
unassuming gentleman, whose services to both America and France 
were of the highest character, reads like a veritable romance. 

Simon Bernard was born at Dole, France, the 22d of April, 1779. 
He was educated at the Polytechnic School and entered the French 
Engineers when all Europe was an armed camp. The Napoleonic 
era was filled with strenuous life for the men with the colors, and 
the young engineer participated in many stirring campaigns, win- 
ning always the highest commendation of his superior officers. He 





“Reprinted from the Journal of the Military Service Institution of the 
United States, by special permission of both General Carter and the publishers 
of the journal. The picture (see frontispiece) was presented by Gen. C. 
de Grandfrey, of the French Army, to Maj. F. A. Mahan, Corps of Engineers, 
retired, and by him forwarded to the MEmMorrs. 
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was present and led the assault on Ivre in 1800, being at the time 
only 21 years of age. During the celebrated siege of Torgau, not- 
withstanding his youth, he superintended the defenses for three 
months.* 

To follow the fortunes of this distinguished officer leads one from 
the modest dormitory of the cadet to the palace of the Emperor at 
the height of his glory. It was Bernard’s ability and professional 
accomplishments which caused his services to be always in demand, 
yet environment and opportunity played their usual part. Bour- 
rienne, at one time private secretary of Napoleon, in his memoirs, 
describes how young Bernard first came under the notice of 
Napoleon: 

*“At the commencement of the campaign of Austerlitz a circum- 
stance occured from which is to be dated the future of a very 
meritorious man. While the Emperor was at Strasburg he asked 
General Marescot, the commander-in-chief of the engineers, whether 
he could recommend from his corps a brave, prudent and intelligent 
young officer, capable of being intrusted with an important recon- 
noitering mission. The officer selected by General Marescot was a 
eaptain in the Engineers named Bernard, who had been educated 





*“The French War Ministry has very kindly furnished for this sketch the 
following from the official records: 

Baron Bernard (Simon). Born the 22d of April, 1779, at Ddle (Jura). 
Married the 10th of March, 1809, to Marie Anne Josephine Jeanne Népomucéne 
Barbe Crescence de Lerchenfeld. (Marriage license of 7th of February, 1809.) 

Sub-Lieutenant student at the Engineer School 21st December, 1796. First 
Lieutenant 24th December, 1797. Captain 22d March, 1800. Battalion Chief 
26th December, 1809. Major 3d August, 1811 (Lieutenant-Colonel). Colonel 
and Aide to Emperor 21st January, 1813. Field-Marshal 23d July, 1814. In 
the service of the United States by authority of 2d September, 1816. Returned 
to active service in the Corps of Engineers 12th February, 1831. Included in 
the active cadre of the General Staff 22d March, 1831. Lieutenant-General 
15th October, 1831. Aide-de-Camp to the King 20th April, 1832. Inspector- 
General of Engineers, 1834. Member of the Committee of Fortifications 29th 
October, 1834. Minister of War 10-18 November, 1834. Inspector-General of 
Engineers 26th June, 1835. Member of the Committee on Fortifications Janu- 
ary 1-June 29, 1836. Minister of War 6th September, 1836. Resumed his 
duties as Aide-de-Camp to the King 31st March, 1839. Member of the Com- 
mittee on Fortifications 30th April, 1839. Duty at Paris 9th November, 1839. 
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in the Polytechnic School.* Bernard set off on his mission, ad- 
vanced almost to Vienna and returned to the headquarters of Ulm. 
Bonaparte interrogated him himself, and was well satisfied with 
his replies; but not content with answering verbally the questions 
put by Napoleon, Captain Bernard had drawn up a report of what 
he had observed and the different routes which might be taken. 
Among other things he observed that it would be a great advantage 
to direct the whole army upon Vienna, without regard to the forti- 
fied places; for that, once master of the capital of Austria, the 
Emperor might dictate laws to all the Austrian monarchy. ‘I 
was present,’ said Rapp (then and for a long time previously one 
of Napoleon’s aides), ‘at this young officer’s interview with the 
Emperor. After reading the report, would you believe that the 
Emperor flew into a furious passion? ‘‘How!’’ eried he, ‘‘ You 
are very bold, very presumptuous! A young officer to take the 
liberty of tracing out a plan of campaign for me! Begone, and 
await my orders.’ ”’ 

‘Rapp told me that as soon as the young officer had left the 
Emperor all at once changed his tone. ‘That,’ said he, ‘is a very 
clever young man; he has taken the proper view of things. I shall 
not expose him to the chances of being shot. Perhaps I shall some 
time want his services. Tell Berthier to dispatch an order for his 
departure for Illyria.’ This order was dispatched, and Captain 
Bernard, who, like his comrades, was ardently looking forward to 
the approaching campaign, regarded as a punishment what was on 
the Emperor’s part a precaution to preserve a young man whose 


*Campaigns.—Year VII, army of the line, blockade and bombardment of 
Philipsbourg, affair at the entrenched camp at Manheim; year VIII, reserve 
army assault of Ivre, where he was the first to enter, attack of the Roman 
bridge, Battle of Montebello; years IX and X, Army of Italy, passage of the 
Mincio, siege of Porte-Terrajo; years XII and XIII, army of the ocean coasts 
(cotes de 1’Ocean) ; Vendemaire year XIV, grand army; 1806 and 1807, army 
of Dalmatia; engagement of Castel Novo, Italy and Dalmatia; 1809 and 1810, 
army of Brabant; 1811 to 1814, defense of Antwerp and grand army; 1815, 
army of the north. 

Wounds.—His left arm was pierced by a ball at the engagement of the en- 
trenched camp of Manheim in the year VII; slightly wounded in the passage 
of the Mincio. , 

Decorations.—Chevalier of the Legion of Honor, 14th June, 1804; Officer of 
the Legion of Honor, 24th October, 1813; Commander of the Legion of Honor, 
26th May, 1832; Grand Officer of the Legion of Honor, 18th February, 1836; 
Grand Cross of the Legion of Honor, 9th March, 1839; Chevalier of Saint 
Louis, 20th August, 1814. 
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merit he appreciated. At the close of the campaign, when the 
Emperor promoted those who had distinguished themselves, Ber- 
nard, who was thought to be in disgrace, was not included in 
Berthier’s list among the captains of engineers whom he commended 
to the rank of Chef de Bataillon, but Napoleon himself inscribed 
Bernard’s name above all the rest. However, the Emperor forgot 
him for some time; and it was only an accidental circumstance 
that brought him to his recollection. JI never had any personal 
acquaintance with Bernard, but I learned from Rapp how he after- 
ward became his colleague as aide-de-camp to the Emperor, a cir- 
eumstance which I shall now relate, though it refers to a later 
period. 

‘‘Before the Emperor left Paris for the campaign of 1812 he 
wished to gain precise information respecting Ragusa and Illyria. 
He sent for Marmont, but was not satisfied with his answers. He 
then interrogated several other generals, but the result of his 
inquiries always was: ‘This is all very well, but it is not what I 
want. I donot know Ragusa.’ He then sent for General De Jean, 
who had succeeded Marescot as first inspector of engineers. ‘Have 
you anyone among your officers,’ he asked, ‘who is well acquainted 
with Ragusa?’ De Jean, after a little reflection, replied, ‘Sire, 
there is a Chef de Bataillon who has been a long time forgotten, 
but who knows Illyria perfectly.’ ‘What’s his name?’ ‘Bernard.’ 
‘Bernard.’ ‘Ah, stop—Bernard! I remember that name. Where 
is he?’ ‘At Antwerp, sire, employed on the fortifications.’ ‘Let a 
dispatch be immediately transmitted, desiring him to mount his 
horse and come with all speed to Paris.’ 

‘‘A few days after Captain Bernard was in the Emperor’s ecabi- 
net in Paris. Napoleon received him very graciously. The first 
thing he said was, ‘Talk to me about Ragusa.’ This was a favorite 
mode of interrogation with him in similar cases, and I have heard 
him say it was a sure way of drawing out all that a man had 
observed in any country that he had visited. Be that as it may, 
he was perfectly satisfied with M. Bernard’s information respecting 
Ulyria, and when the Chef de Bataillon had finished speaking 
Napoleon said, ‘Colonel Bernard, I am now acquainted with Ra- 
gusa.’ The Emperor afterwards conversed familiarly with him, 
entered into details respecting the system of fortifications adopted 
in Antwerp, referred to the plan of the works, eriticized it and 
showed how he would, if he besieged the town, render the means of 
defense unavailing. The new colonel explained so well how he 
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would .defend the town against the Emperor’s attack that Bona- 
parte was delighted, and immediately bestowed upon the young 
officer a mark of distinction, which, so far as I know, he never 
granted but upon that single occasion. The Hmperor was going to 
preside at the Council of State and desired Colonel Bernard to 
accompany him, and many times during the sittings he asked him 
for his opinion upon the points which were under discussion. On 
leaving the council Napoleon said, ‘Bernard, you are in future 
my aide-de-camp.’ ’’ 

As shown by the records of the War Ministry, Bernard rose 
through the various grades to that of field marshal of France in 
1814. After Napoleon’s retirement to Elba General Bernard gave 
adherence to Louis XVIII and was appointed a brigadier-general. 
Upon Napoleon’s quitting Elba he again joined his standard and 
fought with his beloved Emperor at Waterloo. This was to be ex- 
pected of an old aide-de-camp, and Louis XVIII forgave him, and 
again permitted him to enter the service of the King, but having 
received the warning of the Minister of War to depart, he gathered 
together his collection of engineering plans and data, unequaled 
in all Europe, and sailed for America. 

Under the authority already conferred by Congress, President 
Monroe, on November 16, 1816, commissioned Bernard to be ‘‘an 
assistant in the Corps of Engineers of the United States, with the 
rank of brigadier-general by brevet and the compensation that is or 
may be allowed to the chief of that corps.’’ 

The original appointment of General Bernard in the United 
States Army was specially authorized by Congress and therefore 
no nomination was sent to the Senate. His name was not borne on 
the army registers, but in the General Orders of May 17, 1821, his 
name appears next to that of General Alexander Macomb, Chief of 
Engineers, as ‘‘ Assistant Engineer, 16th of November, 1816, Brig- 
adier-General, Brevet.’’ 

In a letter dated December 14, 1816, addressed to Major-General 
Andrew Jackson, at Nashville, Tenn., President James Monroe 
recited some of the conditions and manner of employment of Gen- 
eral Bernard: 

y On the subject of fortifications or works of defense of 
the coasts and frontiers, an arrangement has lately been made by 
the President, with which I wish you to be well acquainted. You 
have heretofore, I presume, been apprised that General Bernard, 


of the French Corps of Engineers, under the recommendation of 
General Lafayette and many others of great distinction in France 
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had offered his services to the United States, and that the President 
had been authorized by a resolution of Congress to accept them, con- 
fining his rank to the grade of the chief of our corps. This reso- 
lution being communicated to General Bernard by the late Secre- 
tary of War, to whom he was known, he came over in compliance 
with the invitation which accompanied it. From Mr. Gallatin he 
brought letters stating that he was the seventh in rank in the corps, 
and inferior to none in reputation and talents, if not the first. It 
required much delicacy in the arrangement to take advantage of 
this knowledge and experience in a manner acceptable to himself, 
without wounding the feelings of the officers of our own corps, 
who had rendered such useful services, and were entitled to the 
confidence and protection of their country. The arrangement 
adopted will, I think, accomplish fully both objects. 

The President has instituted a board of officers, to consist of five 
members, two of high rank in the corps, General Bernard, the engi- 
neer at each station (young Gadsden, for example, at New Orleans), 
and the naval officer commanding there, whose duty it is made to 
examine the whole coast and report such works as are necessary 
for its defense to the chief engineer, who shall report the same to 
the Seeretary of War, with his remarks, to be laid before the Presi- 
dent. McRee and Totten are spoken of for the two first who, with 
General Bernard, will continue till the service is performed; the 
two latter will change with the station. The general commanding 
each division will be officially apprised of this engagement, and 
that he may be present when he pleases, and give such aid as he may 
think fit. The attention of the board will be directed to the inland 
frontiers likewise. In this way it is thought that the feelings of no 
one can be hurt. We shall have four of our officers in every con- 
sultation against one foreigner, so that if the opinion of the latter 
becomes of an essential use, it must be by convineing his colleagues 
when they differ that he has reason on his side. I have seen 
General Bernard, and find him a modest, unassuming man, who 
preferred our country, in the present state of France, to any in 
Europe, in some of which he was offered employment, and in any 
of which he may probably have found it. He understands that he 
is never to have command of the corps, but will always rank second 
fates 


On the day that General Bernard’s commission was signed a 
board of engineers was established, of which he was the senior 
member during its many years of existence. The duties of this 
board were to consider all fortifications completed or under con- 
struction, then to select sites and make plans for all new works. 
At its very inception it was provided that: ‘‘At those places where 
naval can come in aid of land defenses the board shall call upon the 
naval officer who shall have been assigned by the Secretary of the 
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Navy to co-operate with the board of that station, and who during 
that co-operation shall be a member of the board.’’ 

As if to compensate for former apathy, there was now feverish 
haste to undertake extensive coast defense fortifications. Within 
ten days the board proceeded to the northern frontier and began 
operations at Rouses Point, later going to locate the defenses of 
the Delaware River, and early in the following year the defenses of 
Mobile Bay and in the vieinity of New Orleans. General Bernard’s 
next—and among his most valuable—service was as a member of 
the commission to survey Hampton Roads, York River, and other 
places in Chesapeake Bay, with a view to selection of a naval depot 
and to plan a system of defense. The commission recommended 
two naval depots, one at Burwells Bay on the James and the other 
at Gosport, with fortifications at Hampton Roads, St. Marys, 
Elizabeth River and Baltimore. As a general proposition result- 
ing from an extended study the following year (1819) of the coast 
from Cape Hatteras to the St. Croix River, the commissioners 
recommended ‘‘ That Hampton Roads in the south and Boston in the 
north should be fortified and organized as great naval and military 
rendezvous, and Narragansett Bay between them as an occasional 
rendezvous. ”’ 

His reconnaissances and plans included not only our entire 
Atlantic and Gulf coast defenses, but the system of national roads, 
the improvement of interior waterways and a large part of the 
canal systems which were eventually constructed. Although ob- 
jected to by his confreres on account of their extent, his plans 
were used in the construction of Fort Monroe, about the only one 
of the old casemated fortresses, with moat and drawbridges, post- 
erns and sallyports now garrisoned by United States troops. Few 
of the multitudes of officers, soldiers and civilians who for nearly 
a century have threaded their way about the ramparts of this fine 
example of old French fortification have ever heard of the dis- 
tinguished exile who so generously gave his talents to the Republi. 

The board of which General Bernard was president and the most 
influential member prepared the project of practically every forti- 
fication from Maine to Texas and the surveys and reports on the 
proposed Dismal Swamp, the Chesapeake and Ohio, the Lake Erie 
and Ohio, the Alleghany and the Susquehanna, the Susquehanna 
and Schuylkill, the Delaware and Raritan, the Buzzards and 
Barnstable Bay and the Narragansett and Boston Harbor canals, 
and a canal across Florida connecting the Atlantic and Gulf of 
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Mexico. Their inspections and reports on the improvements of the 
Ohio, Tennessee, Mississippi and other streams involved an amount 
of personal work in the span of fifteen years that with the then 
means of travel would seem an impossible task. 

In view of the efforts of the past few years to adjust our army 
to the changed conditions following the war with Spain it is interest- 
ing to read some of General Bernard’s reports, particularly one 
made in December, 1818, on the Military Academy at West Point, 
in which he stated his views: 

“1. That elementary schools are necessary to supply the wants 
of the army and for the instruction of the militia. 

“2. That the elementary schools for the army and those for the 
use of the militia should be distinct from each other. 

“3. That several elementary schools are necessary for the in- 
struction of the militia. 

‘“4. That one elementary school will, in any ease at all times, be 
necessary to supply the candidates for the engineers and artillery, 
and that in time the same school will be adequate to supply vacan- 
cies of the army generally. 

“5. That a school of appheation is necessary for the engineers 
and artillery departments. ’’ 


For fifteen years General Bernard had devoted himself to the 
important duties devolving upon him in the United States Corps 
of Engineers, when the revolution of 1830 again opened the way 
for his return to his native land. In a letter dated Washington, 
July 11, 1831, he informed General Gratiot, Chief of Engineers, 
that the President ‘‘has deigned to accept with a noble and gener- 
ous kindness’’ his resignation. It requires little imagination to 
picture the feelings of this high-minded and talented officer upon 
finally quitting the friendly shores which had furnished him not 
only asylum, but a generous opportunity to display his professional 
ability in the service of a republic which the great Lafayette had 
deemed it an honor to serve. 

The War Ministry records of France had carried General Ber- 
nard during sixteen years as absent ‘‘In the service of the United 
States by authority of 2d September, 1816,’’ and upon his with- 
drawal from the American service he was restored to the Corps of 
Engineers and included in the General Staff of France. Upon his 
arrival in France he was promoted to the grade of leutenant- 
general and soon after his appointment as aide-de-camp to King 
Louis Phillipe was announced. General Bernard became inspector- 
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general of engineers in 1834 and was Minister of War of France 
from 1836 to 1839. Prior to his death in Paris, November 5, 1839, 
he was raised to the French peerage with the title of baron. Upon 
the receipt in the United States of a letter from his son containing 
the news of his death, the President caused the following order to 
be issued January 8, 1840: 

The President, participating in the sincere grief felt for the 
death of General Bernard by the officers of the army with whom 
he was so long associated in the performance of important military 
duties, and desirous of evineing a proper respect, both for his emi- 
nent services to this country and for his virtues as a man, directs 
that the officers of the army wear the usual military mourning for 
the space of thirty days from the date of this order. 


This, in brief, is the life story of an educated and talented soldier, 
recognized as the ablest engineer of his generation, who, having 
served the Emperor until the pall of Waterloo settled over France, 
declined brilliant offers of employment from European sovereigns 
and accepted service in the army of the United States. His train- 
ing and engineering skill were of great moment to the nation when 
West Point, the Alma Mater of military engineering in America, 
was yet in its swaddling clothes. Huis earlier European experiences 
in campaign and battle were tinged with brilliiancy and romance, 
while his genius laid the foundation of constructive work in America 
which will live and be builded upon for the benefit of mankind long 
after the stories of his battles have lost their power to quicken the 
pulse of a prosaic age. 


Failure of Navigable Pass, Dam No. 26, Obio River’ 


Dam No. 26, Ohio River, is located about 90 miles south of the 
town of Parkersburg, W. Va., and about 30 miles north of Hun- 
tington in the same State. It is of the usual Ohio River type, 
adopted for the slackwater improvement of that river. The whole 
work at Dam No. 26 consists of a lock 600 feet long and 110 feet in 
width, with straight gates mounted on rollers to allow them to be 
run in and out of side recesses constructed for that purpose; a 
navigable pass 600 feet long closed by Chanoine wickets 18 feet in 
length; two bear-trap dams, each 91 feet in length; and a weir 272 
feet long closed by Chanoine wickets 11 feet in length. The three 
piers for the bear-trap dams have a total width of 38 feet. 

While this lock and dam were authorized in 1907, the appropria- 
tions were scattered over several successive years, the dam being 
finally completed in 1911. The work was done by hired labor, di- 
rectly under the United States Engineer Office with headquarters 
at Wheeling, W. Va. The foundation of the navigable pass failed 
on August 8, 1912, and on August 26 the Chief of Engineers ap- 
pointed a special board of Engineer officers to ‘‘report on such 
matters pertaining to the Ohio River improvement as might be re- 
ferred to it.’’ The photographs accompanying this report were 
taken as follows: The first two on August 9, 1912, the day after 
the failure; and the others on November 9, 1912, after the coffer- 
dam, built to enclose one-half of the navigable pass, had been com- 
pletely pumped out: 

The report of the special board follows herewith in full: 


The Beard of Officers appointed by Special Orders No. 22, Office 
of the Chief of Engineers, August 26, 1912, to report on such 
matters pertaining to the Ohio River improvement as might be re- 
ferred to it, submits the following report— 


The Board assembled at the United States Engineer Office, 
Wheeling, W. Va., on September 23, 1912, and examined the data 
in that office relating to the plans, manner of construction, ete., of 
_ *Report of Special Board (appointed by the Chief of Engineers), composed 
of Col. S. W. Roessler, Col. C. MeD. Townsend, and Lieut. Col. Lansing H. 
Beach, Corps of Engineers. 
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Dam No. 26, Ohio River, and obtained such information as was 
possible at that point concerning the failure. The Board, the next 
day, visited Dam No. 28, where construction was in progress, and 
examined various features of the work which, it was under- 
stood, is in many respects similar to that at No. 26. It being im- 
possible to ascertain the exact conditions at No. 26, the Board ad- 
journed until such date as the cofferdam, then in process of con- 
struction, should be completed and unwatered, in order to enable 
an examination to be made in the dry of the wrecked part of the 
dam. Owing to several rises in the Ohio River, the unwatering of 
the dam was not accomplished until November 9, 1912, at which 
time the Board visited the work and made a careful inspection of 
so much of the wrecked dam as was included in the cofferdam. The 
coffer was about 300 feet in length from the lock, and permitted an 
examination of half of the navigable pass, from station 3-++30 to 
about station 6+30. The Board having considered the information 
there obtained, subsequently met at the United States Engineer 
Office, Wheeling, on December 19. 

The navigable pass was, in design, the ordinary type of Cha- 
noine wicket dam, which has been used throughout the Ohio River, 
and is shown in cross-section on Fig. 1 (page 317), the foundation 
goiven being that actually constructed at section 5+ 20. The 
wickets in this dam were 18 feet in length, the crest being at an 
elevation of 519.5 feet above sea level. The elevation of the lower 
pool when Dam No. 27 should be completed is estimated at 512.0. 
The low-water level below Dam No. 26 at present is 505.3. The 
wickets of the dam were supported on a concrete bed or foundation 
in form, as shown upon the accompanying illustration (Fig. 2, 
page 319), which gives characteristic sections of the portion which 
failed. The average thickness of the concrete varied from 3 to 4 
feet, the bottom being at an elevation from 495.8 to 497.2, while the 
top was at 500.4. The upstream edge had a slightly greater thick- 
ness, sloping in a distance of 7.5 feet to an elevation of 502.6. A 
trench 3 feet wide, with bottom at an elevation of 495.7, was pro- 
vided near the upper edge as a key where the rock was not exéa- 
vated to this level. This key near the lock wall had a depth of 
about 1 foot, but entirely disappeared at station 4+90, and for a 
larger portion of the navigable pass it had a depth of about 6 
inches. The foundation conerete did not abut against the rock 
immediately above and below it, but was separated from it on each 
side by an open trench about 1.5 feet wide. 

The foundation rested upon soft rock, shaly in character, chem- 
ical analysis being as follows: 


Per cent. 
Siliea.~ 2. 2b Su ged A ee ee pr 53.10 
Oxide of-iron and alumina. 22.00 ee 35.30 
Lime i202 A ee ee eee 2.60 
Magnésia* Ais. 2 oh Pe ee aa 1.34 
Water, loss of ignition and not determined —_-_-_"—=32.e=ae 7.66 
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This rock, of friable character, was removed to a general depth 
of 2 feet before laying the concrete. When excavated it showed a 
tendency to split into thin horizontal layers, and this characteristic 
was readily distinguishable in the bed rock under the destroyed 
foundation at the time of the Board’s examination on November 
9. It was smooth and quite greasy to the touch, and evidently has 
very little frictional resistance and little cohesion. The rock seems 
to crumble or flake when directly exposed to water and a sample, 
taken at random by the Board, which appeared to be solid, sub- 
stantial stone when dry, broke into many small pieces and thin 
scales after being immersed in water for a few days. 

It appears that the dam was first raised on July 16, 1912, at 
which time the upper pool was filled to within 2 feet of the top of 
the wickets with a maximum head of about 5.8 feet. It was lower- 
ed on July 18, on account of a rise in the river. On August 7, 
the navigable pass was raised again, beginning at 7.30 a. m., at 
which time the water was 4.9 feet on the gauge, zero being low 
water at an elevation of 505.3. The wickets were all raised by 
noon, at which time the upper pool was 6.5 feet, and lower pool 3.7 
feet. One bear trap was raised at 4 p. m. on the same day, and 
the second one at 8 p.m. The navigable pass failed at 6.30 a. m. 
the folowing morning, at which time the gauge readings were: 
upper pool, 13.4 feet, lower pool 2.7 feet, the head of water being 
therefore 10.7 feet. The upper pool was at this time 0.8 foot below 
the top of the wickets. According to eye witnesses, the failure com- 
menced by several wickets in the middle portion of the pass falling 
as it lowered to the foundation. Immediately thereafter the wickets 
on each side of these began to move downstream and apparently 
slightly to the right and left away from a line directly downstream 
through the point of first failure. The break gradually extended 
to the pier dividing the navigable pass from the first bear trap 
and nearly to the lock wall at the other end. One hundred and 
twenty-nine wickets remained standing in their vertical position, 
while the remaining 21 disappeared below the surface of the water. 
The greatest movement of the wickets downstream was 157 feet 
at a point 455 feet from the river wall, these wickets forming a 
group of seven, which still remained upright. The position of the 
parts of the dam after the failure (shown on Fig. 3, page 321) 
was determined from soundings taken the day of the failure, but 
the parts within the cofferdam were found to be correctly located. 
There was no apparent motion in the foundation under the first ten 
wickets from the lock wall. The next thirty-two wickets and their 
foundation slewed downstream around the lock end of the portion 
as a pivot, the movement of the outer end being between 3 and 4 
feet, as judged by the eye. A portion of the dam, thirty-two 
wickets in length at the midstream end next to the bear-trap pier, 
swung downstream, apparently without the foundation breaking 
into separate pieces. The foundation for the wickets, between 
No. 42 from the lock wall and No. 32 from the first pier, broke 
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into six or more pieces, which were moved downstream as above 
stated. 

Some of the detached sections of the concrete foundation were so 
tilted that the Board had an opportunity of examining the under- 
surfaces. They were, in some eases, perfectly clean, and in others 
had a thin layer of rock adhering. This rock in no case appeared 
to be more than a couple of inches thick. Level lines run over 
the exposed surface along that portion of the original location of 
the dam uncovered by the displacement of the foundation, showed 
a removal of almost uniformly 0.2 foot of rock from what the 
records state to have been the surface upon which the concrete was 
laid. On the downstream side of the break there was no abrupt 
edge of the trench, as indicated in the sections on Fig. 2 (page 319), 
but the rock sloped up gradually from the original position of the 
dam as if it had been sheared off by the moving conerete. On the 
downstream side at the outer end of the thirty-two wicket section 
mentioned above, where the displacement was small (marked G 
Fig. 3, page 321), a mass of small, thin, and clayey fragments of 
rock was found as if heaped up and crushed by the foundation in 
its movement. The monolith marked F was broken entirely 
through, the break running along the hurter line. The blocks 
marked E were also broken in two, the crack following an irregular 
line. Blocks F had deep, narrow gouges in the upstream edge, 
termed the guard to the sill, where something must have plowed 
through with great force, but it is difficult to assign a cause for 
these cuts. There was considerable abrasion of the upper edge, 
adjoining the joint between them, produced possibly by the two 
blocks grinding together. By November 9 nearly all of the wickets 
left standing after the break, with their horses, had been removed 
from the water and placed on the river bank, with the exception 
of the forty-two nearest the lock wall. An examination of those 
on the bank showed only a single case of severe distortion, and 
only one ease of shght distortion in the metal frames. This ab- 
sence of damage to the wickets or horses would indicate that the 
disrupting force did not act upon them but exerted its effect at a 
lower level. The quality of the concrete of the foundation in all 
cases appeared good, and the separations appear to have occurred 
mainly at the joints left between successive construction sections or 
monoliths. 

It was at first thought that some information concerning the 
method of breaking and the cause of failure could be learned from 
the fact that the first movement noticed was the falling of several 
wickets in the middle of the pass, but investigation develops the 
information that wickets not infrequently fall without any ap- 
parent cause, as the head increases while the pool is being formed. 
The falling in this case, therefore, while evidently marking the 
beginning of the movement, can not be considered as conclusive 
evidence of the action occurring or even of the motion involved. 

The effect of conditions, such as prevailed in this locality, ean 
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not be more definitely or clearly stated than has been done by 
Trautwine in his Engineer’s pocket-book when he says: 


‘““The assumption of ideal conditions is particularly dangerous 
in the case of masonry dams. Thus, any compression of the ma- 
terial at the downstream face may open seams on the upstream 
face; and water, entering these seams, will exert a wedge-like 
action, shifting the resistance line further downstream, thus still 
further increasing the tendeney to crushing on the downstream 
face and to opening on the upstream face. Again, if any rela- 
tively smooth joints have been left, the water, thus penetrating 
into or under the dam, increases the tendency to shde, not only 
hy diminishing the effective weight of the upper portions, but also 
by acting as a lubricant upon the seam where it penetrates. 

‘‘A retaining wall may slide, without losing its verticality ; and, 
indeed, without any danger of being overturned. This is very apt 
to oeeur if it is built upon a horizontal wooden platform; or upon 
a level surface of rock, or clay, without other means than mere 
friction to prevent sliding, * * * and on wet clay, friction may) 
be as low as from 0.2 to 0.3383 the weight of the wall.’’ 


Either assumption would account for the accident. The rock 
upon which the conerete rested had a very small frictional co- 
efficient, and was composed of layers through which water could 
penetrate and produce an upward pressure on the base of the dam. 

The weight of practical experience in dam building confirms 
the view that the rehability of rock as foundations for dams is 
easily or frequently overestimated after even a careful examina- 
tion of its physical properties and a chemical analysis. of its con- 
tents, and the Board is therefore of the opinion that to guard 
against a repetition of the failure, in future construction, a greater 
thickness should be given to the concrete foundation, so as to in- 
sure sufficient weight to counteract any possible water pressure 
under it; that greater care should be taken to bond the conerete to 
the rock by a key having a depth of at least 5 feet, where the 
thickness of concrete is not for other reasons increased, and by 
the concrete entirely filling the foundation trench; and that, as an 
additional precaution, the conerete be also securely fastened to the 
rock by anchor rods. The use of channelling machines to form 
the sides of the trenches is also recommended to prevent any pos- 
sible opening of seams in the rock by blasting. 

(Signed ) 
S. W. ROESSLER, 
Colonel, Corps of Engineers. 
C. McD. TowNnseEnp, 
Colonel, Corps of Engineers. 
LANSING H. BrAcu, 
Ineut. Col., Corps of Engineers. 
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COMMENTS 


Maj. F. W. ALTSTAETTER* 
Corps of Engineers 


A few remarks in addition-to the report of the Board and the 
introduction thereto might be of interest. 

The pass was designed in 1908, and the drawings showed a 
section of concrete. They showed a key of concrete 


??) 


‘* minimum 





Fig. 4. View of Dam No. 26 the morning after failure. Taken from left 
bank of the river in West Virginia; the camera was on the center line of 
wickets, the line being shown broken in illustration. Some of the wickets 
in group G, next to the lock wall, had been lowered before the picture was 
taken. The groups are lettered alike in all illustrations. 


with the bottom at elevation 495.7, as shown on Fig. 1. The key 
was 3 feet wide. Except for the key, the bottom of the concrete 
was shown horizontal at elevation 498.3, so that the key was 2.6 
feet deep and most of the main slab of concrete was only 2 feet 
thick. The following note was added under the concrete: ‘* Loose 


*In charge of the Wheeling District. 
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and soft shale to be removed. Foundation to be on solid rock. 
Foundation bed to be rough and conerete to be bonded to rock.”’ 
The exact elevation of the rock was unknown, and it was intended 
to make the concrete as much thicker than the minimum section as 
conditions required. 

The calculations for stability were made for the minimum sec- 
tion. The upper pool was assumed full and the lower pool at 
extreme low water. Such severe conditions will prebably never 
occur. When the river reaches extreme low water discharge, it is 
difficult to keep the upper pool full and, unless Dam No. 27 were in 
operation, there would be no special reason to do so. However, 
No. 27 would probably-be up, providing 6.7 feet more water than 
low w ae at No. 26: and even No. 28, 33 miles away, would raise the 
water 0.3 foot above low water if its full pool were perfectly hori- 
zontal ae No. 27 were down. Then, again, extreme low water seldom 
occurs, perhaps once in twenty years. No other possible condi- 
tions are as severe as those assumed. 

In the caleulations, water pressure upward on the concrete foun- 
dation was assumed to vary from full upper pool at the upstream 
edge to low water at the downstream edge of the base. The bond 
between concrete and rock was assumed such that only 50 per 
cent of this pressure would act. 

The weight of the horses, props, and imbedded steel was ne- 
olected. The resultant pressure pierced the base 1.3 feet inside 
the middle third. 

The 50 per cent bond seemed rational. It was known that con: 
siderable rock adhered to the concrete when the gate track was re- 
moved from similar rock at Dam No. 37, Ohio River. It is believed 
this also happened generally at No. 26. Where the conerete foun- 
dation was discovered free from rock, it had moved downstream 
considerably, which may have rubbed the rock off. Hither slab 
‘EK’? or ‘‘F,’’ Fig. 3, was blown up with dynamite and rock was 
found adhering to the fragments. A survey of the pass also ind1- 
cated movement of the foundation rock with the concrete. Sound- 
ings were taken by the lockmaster with a pole and readings checked 
by Capt. M. C. Tyler, Corps of Engineers, who was in the boat. 
The readings checked up absolutely when they fell upon the pass 
yy or other points whose elevation was known. The lowest rock 
excavation actually made was 495.0 feet, and was in the key at 
ee 8-+6.9 (Station 3+30.9 was next to the river wall and 
9+30.9 next to the bear-trap piers). The elevations of the rock 
surface were carefully taken just before the conerete was placed. 
The surveys after the failure show elevations of rock or gravel 
which some places overlay the rock. Between Stations 7+46.9 
and 8-++66.9 no rock was discovered above elevation 495.4 and some 
were as low as 493.8. This would indicate that about 1 to 2 feet 
of rock went out with the concrete at the point where the pass 
moved farthest downstream and the point of the initial failure. 
There were three or four points where the elevation of the rock was 
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taken inside of the present cofferdam when the Board was present 
and these elevations gave the results noted in the Board’s report. 
As to the quality of the rock, it impressed those of us on the job 
during construction much more favorably than it did the Board 
after failure. This is natural. Moreover, at the time of the 
Board’s inspection the river was rising rapidly and it was neces- 
sary to flood the cofferdam before the rock had been properly 
cleaned of muck, ete., except in a few spots. So the Board did not 
have as good an opportunity for examining the rock in place as I 
should have liked. Except for a little sandstone near the lock, it 
was all a superior blue shale, perfectly homogeneous, without any 
flaws or breaks. The top was loose and scaly and some of it dis- 
integrated badly when subjected to water, but no rock that was 
known or suspected of being such was allowed to remain in place. 
It was removed until it came out in irregular pieces and until it 
was believed all poor or seriously stratified rock had been removed. 
Quite a large number of engineers visited the work, some of them 
very good ones (it is unnecessary to mention names), but I have 
no recollection of any of them questioning the quality of the founda- 
tion. A sample was blasted at random from the foundation, after 
the failure, and sent to the United States Geological Survey for 
examination. The following letter was received in reply. 


DEPARTMENT OF THE INTERIOR, 
UNITED STATES GEOLOGICAL SURVEY, 


Washington, January 11, 1913. 
Lieut. Col. H. C. Newcomer, 
Corps of Engineers, : 
Washington, D. C. 


Sir: In reply to your letter of December 26, asking for a min- 
eralogical analysis of a sample of rock from the foundation of Dam 
No. 26, Ohio River, about 9 miles below Gallipolis, Ohio: 

I take pleasure in sending you the following notes based mainly 
on a microscopic examination by Mr. E. S. Larsen, Associate 
Geologist : 

The rock, of which a specimen was submitted, is shale and about 
half of it consists of soft mineral kaolinite, the other minerals 
present being quartz, muscovite and chlorite. The quartz is in 
grains, for the most part less than one-tenth of a millimeter in 
diameter, and the muscovite (white mica) is in minute shreds 
showing but little parallel orientation. The rock probably belongs 
to the Conemaugh formation of Pennsylvanian (Carboniferous) 
age. 

Shales are in general among the weakest rocks, especially when 
saturated with water. However, the present shale, in spite of the 
large proportion of kaolinite, is not particularly fissile, and ap- 
pears to be somewhat stronger rock than the average shale. It is 
not quite clear from your letter whether this rock represents ma- 
terial used in the construction of the foundation of the dam, or 
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whether it is the bed-rock in place under the structure. If it is the 
rock in place, and the dam was built directly upon it, petrograph- 
ic examination suggests no reason why the material should fail, 
unless the rock under the dam is traversed by faults so that por- 
tions of it are crushed or would admit the water through open 
erevices. In that case, large proportions of kaolinite in the rock 





Fig. 6 (upper). View from river wall of lock looking a little downstream and 
showing coffer around one half of pass after being unwatered November 9, 
1912. The foundations of groups E, F, and G, Fig. 3, can be seen. The 
mud is nearly all cleaned off the wickets of Group G. These wickets were all 
lowered soon after the failure. Wickets of groups E and F had been re- 
moved before the coffer was unwatered. 


Fig. 7 (lower). View taken from near the center of top of downstream coffer, 
showing groups E and F and a portion of G. 
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and its tendency to split into flakes would constitute important 
features of structural weakness. 
Very respectfully, 
GEO, OTIS SMITH, 
Director. 

No fault in the rock ever came to my. attention, and I visited 
the work about twice a month during construction and generally 
stayed several days. 

3efore placing concrete, this rock was freed of all loose pieces, 
thoroughly cleaned, and the surface left rough and irregular. Both 
Captain Tyler and Mr. Cutting (one of whom was in local charge 
at all times) were particular about the rock being clean and rough. 
I discussed the matter with both of them repeatedly. 

Fig. 2 might give the impression that the trench was designed 
absurdly shallow but, as explained earlier, the elevation of the 
bottom of the trench was fixed and the rest of the rock excavated 
as necessary. In several sections a small second trench is shown 
which was introduced by Captain Tyler and Mr. Cutting, to 
roughen the rock surface. 

The total horizontal downstream pressure on the pass under the 
most unfavorable circumstances is only about six short tons per 
linear foot, caused by a head of 14.2 feet—surely not a big pres- 
sure. And at the time of failure it was much less. In my opinion, 
the failure is clearly one of the foundation rock shearing and slid- 
ing on itself. The mistake was made in trusting the rock, although 
we thought we were not trusting it to withstand very much. Water 
probably percolated between the layers of the rock, as the failure 
is hard to explain otherwise. This, in spite of the fact that our 
observation during the construction led us to a contrary view. 

The original cost of the entire navigable pass, exclusive of the 
movable parts, was $61,091.00. The movable parts have nearly all 
been recovered and the cost of some of the rock and other exea- 
vation is not lost. Some horse boxes, sill plates, sill timbers, ete., 
will be salvaged. When the new pass which will replace this one 
is built, the final cost will probably be about $50,000.00 more than 
if it had been so built originally. 

It may be interesting to state that the new design contemplates 
a key 6 feet wide and 5 deep, which dimensions are to be kept 
constant regardless of the thickness of the slab. The conerete is to 
be 6 feet longer up and down stream, and the key and the rest of 
the slab of concrete are both to be anchored to the.rock by stdel 
rods. These rods will be numerous and will also serve to bind the 
upper layers of rock together. (See Fig. 4, page 149, No. 20 
PROFESSIONAL Memorrs for March-April, 1913.—Ep.) 
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Pig. 8 (upper). Drainage ditch, about 50 feet downstream from the founda- 
tion of the pass, used in unwatering the coffer. Rock apparently exactly 
Same as under foundation. 

Pig. 9 (lower). A portion of foundation on which group E originally rested. 
Note material appears of same shaly nature as seen in Fig. 8. 


Che New Quadrant Proatractor 


BY 


Maj. R. R. RAYMOND 
Corps of Engineers 


Hydrographic surveyors are familiar with the three-point prob- 
lem, but for the sake of the reader who has not had occasion to 
use it in recent years it may be well to state it here. If three 
points A, B, and C have been established and have been plotted on 
a map, and the angles ASB and BSC be measured at a point §, it 
is required to plot S on the map. 

This problem frequently arises when soundings are taken from a 
boat and the angles to the stations A, B, and C on shore are meas- 
ured by means of a sextant in the boat. 

There are several well-known solutions of the problem, of which 
the most commonly used is the mechanical solution with the three- 
arm protractor. In this solution, the two movable arms of the in- 
strument are set at the proper angles and the protractor is then 
moved about over the map until the straight edges of the three arms 
pass through the plotted positions of the three known points, under 
which condition the center of the protractor indicates the position 
of the desired point. To facilitate the moving about of the instru- 
ment, a pin is set in each of the plotted known points, two of the 
arms are brought into gentle contact with the proper two pins and 
the protractor is carefully swung around until the third arm 
touches its respective pin. The center is then marked. 

This solution has generally been considered the best and most 
convenient available. It has, however, some disadvantages. For 
instanee, the instrument is quite expensive, costing ordinarily 
$75.00 or more. It is large and heavy, consists of a number of 
losable parts and requires care to keep it in order. Since only 
those parts of the arms which are outside of the graduated circle 
ean be used ordinarily, the center can approach any station pin 
only to a distance greater than the radius of the circle. This 
necessitates the use of a rather small circle and the graduations 
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are consequently so fine that reading glasses are necessary for set- 
ting the verniers. 

On the other hand, the distance from any station to a point 
whose location is to be plotted is limited to the length of the arm. 
Extensions giving a reach to near 3 feet are often used. This 
makes the instrument awkward to handle, and a large drafting 
table entirely clear of the usual small articles and implements, 
even of the thumb tacks to hold the map, is required. 





The pressure of the arms against the station pins causes the 
arms to spring slightly with an appreciable effect on the accuracy 
of the plotting; but this is not a serious matter in ordinary hydro- 
graphic work where such a small error in the location of a sound- 
ing is not important. 

In spite of the above shortcomings, the three-arm protractor 
has had a long and successful career. 

It happened one time that through an error on the part of an 
observer the proper angles for the three-point problem were not 
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measured, and a four-point problem resulted. Thus, one angle 
ASB (Fig. 1, page 331) was properly measured, but the second 
angle actually measured was CSD. The error was repeated for 
a large number of soundings. 

The writer adopted the following solution ; Draw chords AB and 
CD and erect a perpendicular at the middle point of each. Through 
B draw BK, making the angle BKM equal to the given angle ASB. 
With K as center and KB as radius, draw a circle passing through 
A and B. The circumference is a locus of S, for if we assume any 
point S’ on the circumference and draw lines S’B and 8’A, we shall 
have the angle AS’B measured by one-half the are AB, and as the 
angle BKM is measured by one-half the same are, the angle AS’B 
must be equal to angle BKM and, consequently, to the given angle 
ASB. It can be shown readily that no point not on the cireumfer- 
ence can fulfill this condition. Thus, the circumference is the 
locus of all points where the angle ASB is equal to the given angle. 

In the same way draw DL, making the angle DLN equal to the 
given angle CSD. The circumference whose center is L and radius 
LD passes through C and is the locus of all points where the angle 
CSD is equal to the respective given angle. 

The intersection of the two circumferences locates the point 8. 
Since circumferences intersect in fwo points, there are two possible 
locations of the point S which fulfill the conditions. This is true 
whatever method of plotting is used, but the correct point may be 
selected generally by inspection. 

It is evident that the three-arm protractor can not solve directly 
this four-point problem. When the problem arose in practice, it 
was solved as stated, the operations being expedited by means of a 
device which it is unnecessary to describe here, but to reduce the 
problem to its simplest terms a special protractor was designed 
later which is the subject of this article. 

Fig, 2 (page 333) shows this protractor as made by Alteneder & 
Sons Co. of Philadelphia. It differs from the author’s original 
design in the position of the are only. The essential feature of the 
instrument is that it is graduated to read the complement of the 
angle between its arms. 

Referring to Fig. 1, it is evident that if this protractor be 
centered on B and one arm be placed on BA and the other arm on 
BK, then the vernier will read directly the complement of the 
angle ABK, which is the angle BKM. In other words, the arm 
bearing the are intersects the perpendicular to the chord at the 
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Fig. 2. Quadrant protractor. 
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center of the circle which is the locus of all points 8 where the 
angle ASB is equal to the vernier reading. 

With this protractor the center of the desired circle is found 
without the use of any construction lines except the perpendicular 
at the middle point of the chord, and this is drawn once only for all 
points whose positions are referred to the stations A and B. 

Points are completely plotted by drawing the ares whose inter- 
sections are desired. Only very short ares need be actually drawn. 

If any two of the four stations coincide, the solution of the prob- 
lem with this protractor is unchanged. This gives the three-point 
problem as described above. . 

If only two station points are used, the locus of the point S can 
still be determined, but a complete location of the point S can be 
made only by constructing another locus to intersect the first. 
This second locus may be an are or it may be a right line, such as a 
range or a transit sight. 

While several different problems arising in hydrographic sur- 
veying can be solved by this new protractor, its function in all 
cases is the same: to determine directly the center of the cireum- 
ference which is the locus of all points S at which the angle ASB 
between two given points A and B is given. 

A knowledge of the capabilities and limitations of the instrument 
is best obtained by comparing it with the three-arm protractor, for 
which purpose a series of tests was made. The three-arm pro- 
tractor used was a new one by a well-known maker and seemed to 
be an excellent instrument. It was purchased for regular use in a 
United States Engineer office. 

Comparing the instruments by inspection, we note the following: 














Three-arm Protractor. New Protractor. 
Weight of protractors as shown in Fig. 3__ 62.5 ounces 13.75 ounces 
Length of arm with extension ____________ - 32.5 inches 18.75 inches 
Reach... 2.25.22.620 2 Se ee 3.65 to32.5inches | 0 to 37.5 inches. 
Cost..2. 222s 4 ee ee ee $75.00 $25.00 (estimated ) 


Comparative tests were made on a large sheet of paper, so that 
the points to be plotted would lie over the entire fields of both in- 
struments. Fig. 3 (page 335) shows the two protractors on the 
same scale. It was concluded from the tests that the new pro- 
tractor would be more generally useful if made with an extension 
arm 22 inches long. This would be only 3.25 inches longer than the 
one tested. 
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Fig. 3. 


Comparative sizes of quadrant protractor and 
cover practically same area of map. 


3-arm protractor to 
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In Fig. + (page 357) are shown the fields of the three-arm pro- 
tractor and the 22-inch new protractor. These fields vary con- 
siderably for different relative positions of the assumed station 
points. In this case the station points were taken 10 inches apart 
on a circle of 22 inches radius, which gives the maximum field for 
the 22-inch new protractor. This protractor does not give gocd 
results in plotting points near this limiting cirele, for the inter- 
secting arcs used in plotting are too nearly concentric to give good 
intersections. The zone. of inaccurate work is, however, quite 
narrow; reasonably aceurate results having been obtained in the 
intersection of two ares of 22 inches radius whose centers were only 
1 inch apart. Furthermore, it must be remembered that by piecing 
out the arm of the protractor by a straight-edge its field may 
readily be greatly enlarged. 

The full, heavy line shows the field of the three-arm protractor, 
while the broken line shows that of the new protractor. 

Two points having been assumed as stations, points lying on a 
right line crossing the field from within the range of both instru- 
ments to beyond their extreme reach were plotted in turn by both 
protractors. The new protractor plotted points outside of the field 
of the other. Among twelve points plotted, four intersections fell 
so exactly on the correct points that the errors could not be de- 
termined, while the maximum error was 0.07 inch and the average 
for all was 0.015 inch. 

The three-arm protractor plotted ten of the same points, its least 
error being 0.02 inch, maximum 0.28 inch, and average 0.074 inch. 
The springing of the three arms when pressed against the station 
pins is believed to account for the inaccuracy of the results. 

In point of speed, the two instruments were very much alike, the 
average time per point differing by only about 5 per cent in favor 
of the new protractor. Other tests gave the greater speed to the 
three-arm protractor, but in no test did the speeds. differ by more 
than 5 per cent. 

This result-is somewhat surprising in view of the fact that the 
new protractor requires both the setting of an angle and the strik- 
ing of an arc; but the causes are readily found. The are of the 
new protractor is larger than that of the other; the graduations 
are coarser, although having the same least count; and so the 
angles are set without the use of a reading glass. In addition to 
this saving in time, the three-arm protractor requires careful 
handling to bring it into the exact position to plot each and every 
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point, while the new protractor is set for one pair of stations, such 
as A and B, and the angles for a number of points are set in rapid 
succession without disturbing the instrument, each center for an 
are being given a mark for identification. The ares are then 
struck and the proper intersections marked. 

Thus, while the three-arm protractor can plot a single point 
more rapidly than the new protractor, its advantage in speed is 
lost when about five or more points are to be plotted. 
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Fig. 4. Comparative areas that can be plotted on a map with the 3-arm pro- 
tractor (solid line) and the quadrant protractor (broken line) shown in fig. 3. 


The two protractors were compared further in plotting a number 
of points by the three-point problem. In this ease, the speeds were 
again nearly equal, the advantage being with the three-arm pro- 
tractor. In all the tests no effort was made to obtain maximum 
speed, but the work was done uniformly and as nearly lke regular 
work under service conditions as possible. 

Of eleven points plotted by the new protractor, one was as exact 
as a pin-point could be placed on the map; the maximum error was 
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0.22 inch and the average was 0.044 inch. The least error of the 
three-arm protractor was 0.02 inch, the maximum 0.31 inch and the 
average 0.105 inch. 

In this test the new protractor made much the better showing. 
Omitting the point where the error was 0.22 inch, this being the 
most distant point reached and the errors of both instruments 
being the same, the ten remaining points were plotted with a least 
error of 0.0 inch, a maximum error of 0.9 inch and an average error 
of 0.027 inch. The three-arm protractor plotted nine of the same 
points with a least error of 0.02 inch, a maximum error of 0.31 
inch and an average error of 0.092 inch. It failed to plot the 
tenth point. 

A number of other comparative tests were made and in each 
case it was found that the speeds were about equal and either pro- 
tractor was accurate enough for the class of work done. The new 
protractor had a decided advantage in area of field and in con- 
venience. When not needed on the drawing table, it was readily 
pushed aside or placed on another table or shelf or hung on a nail. 
The large and delicate three-arm protractor required more or less. 
elaborate preparations for its reception and it had to be handled 
with care to avoid a disaster. 

Returning to Fig. 1, it should be observed that points S lying 
within a circle having AB for its diameter will have the angle ASB 
ereater than 90 degrees. In this case, the supplement of the angle 
is taken and plotted by the protractor turned around so as to mark 
the desired center on the perpendicular on the other side of the 
chord AB. 

Plotting many points involves replacing the protractor frequent- 
ly upon the stations and chords. ‘To facilitate this, a notch is pro- 
vided through which a pin may be set into the drawing board after 
the instrument is correctly centered and aligned. A second pin 
is driven into the board against the back of the fixed arm near its 
outer end. The protractor may then be freely removed and re- 
placed at will without loss of time or accuracy of centering and 
alignment. 


Oreat Falls Power 


BY 


Lieut. Col. W. C. LANGFITT 
Corps of Engineers 





The act of Congress providing for the expenses of the District of 
Columbia for the fiscal year ending June 30, 1913, contained an 
item providing for the investigation of the practicability and ad- 
visability of developing water power at or near the Great Falls of 
the Potomac, to supply the needs of the General and Municipal 
Governments, combined with an increase in the water supply of the 
City of Washington. These investigations were assigned to the 
writer.. In the investigation and preparation of the report, he was 
assisted by Mr. Clemens Herschel, Mr. Walter C. Allen, of the 
District Government, Captain Jarvis J. Bain, Corps of Engineers, 
and Mr. E. D. Hardy, Superintendent of the Filtration Plant. Mr. 
Waddy B. Wood prepared the plans and estimates for the sub- 
stations, and much valuable information was obtained from the 
General Electric Company as to the electrical installation. 

The following article is a brief and somewhat hurried abstract of 
the full report. Sixty-four drawings accompanied the report and 
a full set of general specifications—only a few of the drawings can 
be shown and the specifications are necessarily omitted. Both are 
of course subject to minor change when actual work is proposed. 


WATER SUPPLY. 


The first investigation for an increased water supply to the City 
of Washington was carried out by Maj. Jay J. Morrow, Corps of 
Engineers, under authority of an act of Congress approved May 
26, 1908. The report is printed in House Document No. 347, 61st. 
Congress, 2d Session. The only project favorably considered in 
this report was that of building a new conduit and tunnel from 
Great Falls to McMillan Park Reservoir (parallel line project), 
but as, in the meanwhile, the Patuxent River had been suggested 
as a source of supply, no definite recommendation was made pend- 
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ing an investigation of that river. The latter investigation was 
made by the writer under authorization in the District of Columbia 
Bill approved March 2, 1911, and report thereon is printed in 
House Document 1266, 62d Congress, 3d Session. This report shows 
that an average of 90,000,000 gallons of water daily could be de- 
pended upon in the execution of the plans suggested and that the 
cost was reasonable. No definite recommendation was made as, in 
the meantime, the possibility of combined power development with — 
increased water supply from the Great Falls of the Potomac had 
arisen. The report stated in substance that, could a power project 
and increase of water supply be combined economically, the Pa- 
tuxent River as a source of supply would necessarily be eliminated. 
The studies of this combined project are the ones herein con- 
sidered. Fig. 1 (page 341) shows the general layout of all these 
projects, as well as that of present water supply. 


POPULATION AND CONSUMPTION. 


The following table, showing the population of the past years 
and the estimated population up to 1950, together with the actual 
consumption to 1912 and the estimated consumption up to 1950, 
was compiled. From it, it was decided to estimate the average per 
capita consumption in the future to be 173 gallons daily, and that 
the maximum per capita consumption was estimated to exceed the 
average by 30 per cent. Table 1: 




















Fiscal year Populadom Daily consumption— Daily consumption— Bee arcs eee Se 
ended June30 Average. Maximum. capita daitee maximum 
over average. 
Gallons Gallons | H 
IBOS ees 323 , 000 68,700,000. | 22 ese Le 
1906 326, 000 67., 4005 O00 ee aaa ee eee ko LE Ae eer 
1907 =< 330 , 000 66 , 900 , 000 80, 290 , 000 203 20 
1908 _- 339 , 000 64,910,000 80, 380 , 000 192 24 
1909 343 , 000 61,470,000 78 , 930 , 000 179 28 
SES 9G: Pe eee 343 ,000* 59,190 , 000 78 , 500, 000 173 575, 
IO ere 348 , 000 60,380,000 78 , 320,000 73 29 
BRON Wass Sai 354,000 62,120,000 92,720 , 000 176 49 
i bE ee 378 , 000 66 ,000 ,000* 86 , 000 , 000* 173t $30 
dOZ Uy ae 405 ,000 70,000, 000T © 91,000 , 000+ 1730s {30 
L930 ees 460 , 000 79,000, 000T | 103 , 000 , 000+ 173t {30 
1940 Sie 515,000 89,000 , O00T — 116,000 , 000+ 1730 {30 
1950 mses 570,000 99,000, 000T — 129 ,000 , 000+ 173% {30 








“Since United States census is consistently lower than the police census, the 
per capita consumption is based on the latter for 1909, viz, 343,000. 

+ Estimated from probable future population, assuming a per capita con- 
sumption of 173 gallons per day and a maximum consumption 30 per cent 
greater than the average. 

{ Assumed. 
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Fig. 1. General map. 
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SUPPLY AVAILABLE IN POTOMAC RIVER. 


The discharge of the Potomac River from fifteen years’ observa- 
tions by the United States Geological Survey varies between 600,- 
000,000 and 84,000,000,000 gallons daily. As the predicted maxi- 
mum daily consumption in 1950 is only 129,000,000 gallons, it may 
be stated that the Potomac River at Great Falls can furnish for 
all time a sufficient water supply to the city and that until long 
after the usual limits of predictions have been passed a surplus 
will be available, even in times of excessive drought. 


CAPACITY OF PRESENT SUPPLY. 


The maximum delivery at the present time is 90,000,000 gallons 
daily, and this can be allowed but for a very short time on days of 
maximum consumption—this mainly on account of reduction of 
storage necessary to attain it, and because the pumps supplying 
the filters were designed to handle safely only about 75,000,000 gal- 
lons daily. While the pumps can be pushed to 90,000,000 gallons 
delivery, such a course involves risk not lightly to be undertaken 
under present conditions. The filter beds aggregate 29 acres in 
extent, and it has been found that with the addition of the coagu- 
lating plant now in use, and on account of their inherent capacity, 
they can be safely run at a rate of about 150,000,000 gallons per 
day. The present filtered water reservoir, with a capacity of 
15,000,000 gallons, will be too small with increased consumption, 
as will also the present piping, designed for 75,000,000 gallons 
daily. 

PLANS CONSIDERED. | 

Of the plans for increased water supply previously reported 
upon, but two are worthy of consideration—these are the parallel 
line project of Major Morrow and the Patuxent River. These are 
designated as project No. 1 and project No. 2, and the method of 
water supply combined with power development, the subject of 
this article, is project No. 3. 

The plan recommended for power development and increasing 
the water supply includes the construction of a high dam located in 
the Potomac River almost on the northwest boundary line of the 
District. This dam will form a large lake, and from this, by 
means of hydraulic machinery, an increased water supply is to be 
pumped into the Dalecarlia Reservoir. The adoption of this method 
will involve enlarging the capacity of the delivery between the 
Dalecarlia Reservoir and the Georgetown Reservoir and, similarly, 
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from Georgetown Reservoir to MeMillan Park Reservoir. New 
gate houses will be needed. The pumps to pump water to the filters 
will also have to be increased in size or numbers, the piping at the 
filtration plant will have to be changed to accommodate the in- 
creased supply, and the filtered water reservoir will. also have to 
be enlarged. The present coagulating works, located between Dale- 
earlia and Georgetown reservoirs, can be made to serve both for 
the present and increased supply. 


ESTIMATES, 


The estimated cost for the water supply only, project No. 3, is 
3,472,600. Project No. 1, the parallel line project, will be neces- 
sarily somewhat changed. It was contemplated, as originally de- 
signed, to lead direct from Dalecarlia Reservoir to McMillan Park 
Reservoir, but in order to take advantage of the coagulating 
plant already constructed, it should lead to the Georgetown Reser- 
voir, and thence by tunnel to McMillan Park. Additional storage — 
is also believed to be necessary for the greater supply, and this is 
to be provided for at Stubblefield. As changed, the estimated 
cost of project No. 1 is $6,567,100; the estimated cost of project 
No. 2 as given in the report on the Patuxent River, to which is 
added the cost for the changes at the Filtration Plant, not estimated 
therein, is $6,215,000. The annual cost of operation and main- 
tenance, including interest at 3 per cent on the first cost for the 
three projects, 1s as follows: 


Project. No: 1 32) ee $351,300.00 
Project: No, 2° 2332 ee 410,200.00 
Project. No. 3- £225 32 eee 299,900.00 


These estimates show an annual saving in favor of project No. 3 
of $51,400 over project No. 1, and of $110,300 over project No. 2. 
These sums, capitalized at 3 per cent, represent a capital investment 
of $1,713,333 and $3,676,666, respectively. It appears, therefore, 
that at least $1,700,000 in the development of the power project 
could be charged to water supply and still leave a eredit in favor 
of the combined method for increasing the water supply. 


PRELIMINARY CONCLUSION. 


The maximum daily draft of water already exceeds, as shown by 
table 1, p. 340, a safe amount for the present storage and pumping 
capacity. In less than eight years the average consumption will 
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second-feet the power decreases as the discharge increases, due to decreased head, until at the maximum discharge the horsepower available is only about 47,500. 


The figures on the left of the diagram show horsepower developed, while those on the right show the available fall in feet at different stages of the river. 
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also probably exceed this safe hmit. To provide for delays in con- 
struction and unforeseen contingencies, it 1s evident that a fihal de- 
cision as to the method to be adopted of increasing Washington’s 
water supply should now be made and the work commenced with- 
out undue delay. 

The preceding discussion shows that the cheapest of the three 
methods of increasing the water supply depends on an economical 
development of water power from the Great Falls. This phase of 
the subject will now be discussed. 


POWER REQUIRED. 


An attempt was made to determine the present needs for power 
and light, and, based on past growth, on estimates of those having 
charge of existing plants, and other pertinent data, a similar esti- 
mate of probable future needs was prepared. The results as to 
present requirements are shown graphically on Fig. 2 (page 343). 
The conclusions from the studies are: ; 

Furst. The present average daily amount that must be available 
to safely meet the expected daily demands is about 8,000 kilowatts, 
with a maximum or peak requirement occurring between 3 and 6 
o’clock p. m. of 11,000 kilowatts. 

Second. That by 1987 the corresponding figures will be 17,300 
kilowatts and 26,000 kilowatts. 


POWER AVAILABLE. 


Quantity of Water. Making due allowance for the amount need- 
ed for operating the Chesapeake & Ohio Canal and for a water sup- 
ply of 101,000,000 gallons of water daily, as an average, the ob- 
served discharge of the Potomac River for fifteen years shows that 
occasionally the amount available for power will fall as low as 
950 second-feet. By averaging the low-water discharges for fifteen 
years, without regard to date or day of the year in which ocecur- 
ring, Mr. Herschel finds that the average low-water discharge at 
the District line is 1,486 second-feet, allowances for the canal and 
water supply having been made. This amount, with the fall avail- 
able, will give power to meet the average daily requirements, as 
will be shown later. As the discharge increases from low water, the 
power available also increases, and, determined in the same man- 
ner, Mr. Herschel finds that about 6,560 second-feet or more will be 
available one-half the average year. These results indicate the possi 
bility, at least, of a desirable power development. It is understood, 
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of course, that in the dry periods a steam reserve will be necessary 
for a portion of the time. 

Available Fall. The total fall at low stages from the water sur- 
face above Great Falls to low water in the Potomac just above the 
Chain Bridge is approximately 150 feet. Only two methods of 
utilizing this fall have ever been deemed worthy of serious con- 
sideration. The first involves a head race or canal to lead the 
water from Great Falls to some suitable site below where it is re- 
turned to the river through the power plant located on the banks 
of the stream. The second method involves the construction of a 
dam at some point in the stream below the Falls, to create the 
necessary head or fall of water. Were the 150 feet of fall concen- 
trated within a short distance of the Great Falls, the construction 
of a dam would not be desirable, but as this fall is distributed over — 
a length of river of about 9 miles, such method of development may 
well compete with that of a lateral canal in dealing with the larger 
quantities of water required for economical development of power. 
In either case, in the present instance, it must be remembered that 
increased water supply must be included in any plan adopted. A 
thorough study was made of the plan of a long lateral canal leading 
from Great Falls to the vicinity of Dalecarlia Reservoir, but this 
plan was rejected for the following reasons: 


a. The cost of the output per kilowatt hour is greater than per- 
missible. 

b. There 1s no equalizing basin or pondage to furnish storage for 
peak loads. 

e. It is not economically practicable to provide. for present needs 
with provision for future enlargement to obtain all power con- 
sidered economically proper. 

d. The utility of Dalecarlia Reservoir as a settling basin would 

be destroyed. 
This leaves, then, for consideration, the construction of a dam at 
some point below Great Falls, and Mr. Herschel, who developed this 
portion of the project, recommends a dam practically where the 
District line crosses the river, which shall maintain the water sur- 
face at low periods at elevation 115. This solution of the problem 
has many advantages, among which may be named: 


a. The provision for additional water supply without undue lift 
for the pumps. 

b. The power-house and dam form practically one continuous 
structure, enabling the development to be made in piecemeal, if 
desired, without ultimate large increases in cost. 
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e, Lake of an area of approximately 3,000 acres permits control 
of thé flow of the river so as to provide stored water to take care of 
the peak load. 

d. The lake, lying immediately adjacent to the city, would be a 
scenic attraction and ornament to the Capital. 

e. The lake would also act as a purification, a settling, or sedi- 

mentation basin for the water supply. 
The elevation selected to be given to the lake surface is a compromise 
between the desire to obtain as high a fall as possible and the neces- 
sity of reducing overfiow damages due both to ordinary flowage and 
backwater from floods.- To reduce the latter, the crest of the dam 
has been made with Stoney gates, so that by raising the gates in- 
creased discharge area is given, and backwater thereby reduced. 
The increased opening thus possible will, Mir. Herschel states, keep 
the backwater at Widewater to a level not greater than that reached 
by the highest recorded flood, that of 1889, and during which the 
discharge reached approximately 470,000 second-feet. 

As the elevation of the water surface above Great Falls is 150.5 
and that of the lake 115, there remains 35.5 feet difference of ele- 
vation, or, allowing 2 feet as the slope of the lake surface, 33.5 
feet available for power development at some future time if found 
necessary or advisable. 


DISCHARGE AND AVAILABLE POWER. 
Table 2. Available horsepower effective of the Potomac River at Chain 
Bridge for a peak load equal to one and one-half times the average load for 
the day. 























Days. Fi ebcintecs: rane Gauge height. Fall. Horsepower. Days. 
Cu. ft. per second Cu. ft. per second 
305.25 ee 1,800 1,486 10% 114.0 15,400 365 
6) 61 De Oe 3,000 2,695 12-0 112-5 27 ,500 300 
POUL aes 4,000 3,703 12.6 FEY 37 ,600 250 
2202) Sais 5,000 4,711 LASS, 111.6 47,700 220 
182 Dee 6,835 6,560 One Liss 66 , 300 182.5 
19025 ke 8,000 7, doo 13.4 Lived 78 , 100 159 
peace: 10/117 9.870 2 | sela.6 110.9 99'500 | 128 
Ele o Seep ote 4220900 Teeerr 14.1 110.4 98 , 200 105 
Uae beg T3020) 13,300 14.3 LOZ 98 ,000 95 
Boh ete 20 000 19,831 15.3 109.2 95,400 58 
i Ak ae ete 30-000 29 ,911 16.6 107.9 92 ,600 32 
20 La 40-003 Si BO-SGI 17.8 106.7 90,000 20 
i ee 50 , 000 50,071 19.0 10533 87 ,600 14 
ZF Be 100,000 100 ,471 255) 99 .0 74,600 2 
i) ae 120,000 120,631 28.0 96.5 70,200 | 1 
| 
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The results given in the above table are also shown in diagram 
(Figs. 3 and 4, pages 345 and 347). Fig. 3 shows that for average 
years the minimum horsepower available will be 15,400, increasing 
with discharge up to 98,200 horsepower and then decreasing to 
70,200 horsepower in high floods. 


AUXILIARIES. 


As indicated before, for dry years any deficiency in water power 
will be met from steam auxiliaries. These are already in place. 
The steam plant hehting the Capitol, Library of Congress, Senate 
and House Office Buildings, Coast and Geodetic Survey Building, 
ete., has a capacity of over 10,000 horsepower, and will supply all 
necessary deficiencies in dry years for a long period. When the 
limit of this plant is reached, either additional steam auxiliaries may 
be constructed in connection with the heating plant of any new 
Government building or it may prove better to develop the unused 
fall of 33.5 feet at Great Falls. 


GENERAL DISCUSSION. 


Mr. Herschel assumes as his unit of power a 12,500-horsepower 
turbine. Two such units will be needed to meet present require- 
ments, including peak demands. With a third unit as a reserve, 
the installation will be complete for existing needs. As consump- 
tion increases more units will be needed, until for the 47,000-horse- 
power maximum predicted in 1937 four such units will be required, 
with a fifth for reserve. A power-house to accommodate this 
number of units should, however, be built at once, as a matter of 
economy; and as it is proposed as previously indicated, to provide 
for the increased water supply by pumping from the power lake, 
space for these pumps must also be provided. Table 2, before 
given, shows that for one-half of the average year 66,000 horse- 
power for the twenty-four hours is available from the river dis- 
charge. This would represent a peak load of about 100,000 horse- 
power, using 114 as the ratio between the average load and peak 
load. It is calculated that out of a total of 438,000,000 kilowatt 
hours output for the average year, auxiliaries would have to fur- 
nish but 99,000,000, and would be in operation but half the year. 
This larger development could be obtained by extending the power- 
house go as to contain four additional turbine units, and in the 
design adopted the foundations of the power-house and the intake 
dam itself are arranged so that these four additional units may be 
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installed, should Congress decide so to do, either by itself or by 
agreement with a power company. 


WORKS PROPOSED FOR POWER DEVELOPMENT. 


The chief features are the dam, power-house, hydraulic and 
electrical appurtenances for power and turbine pumps, and pipe 
lines for the water supply. 

The plan of the dam and power-house is shown on Fig. 5 (page 
349), while Fig. 6 (page 351) gives a section of the dam through 
the center of one of the buttresses supporting the Stoney gates. 
The dam is curved in plan, but of gravity section, with eighteen 
Stoney gates operated from a tunnel left m the masonry of the 
dam. These gates, as already stated, are to provide additional 
discharge area in floods. A small footbridge connects the piers 
between the gates, and a floating caisson is provided which can be 
floated to and made to close any opening on the upstream side of 
the gate, which can then be repaired. The three Stoney gates 
next to the power-house have hinged tops to facilitate passing ice, 
drift, ete., through the dam without too much loss of water, and 
for the same purpose an auxiliary spillway is provided near the 
shore end of the power-house. The foundations of the dam are 
apparently excellent, but detailed information could not be ob- 
tained within the limits of available money. The dam in its gen- 
eral features resembles the Gatun Spillway dam of the Panama 
Canal. The power-house and intake dam are shown on Fig. 7 
(page 353). 

The proposed location is just within the District and distant 
about 5 miles from the Executive Mansion. This short distance 
permits the omission of step-up transformers and thus simplifies 
the electrical installation. The usual traveling crane for hand- 
ling the heavy machinery is included, together with a small heat- 
ing plant, store rooms, workshop, and other minor accessories. The 
power-house is protected by the intake dam, which is located just 
above it and through which pass the penstocks leading to the tur- 
bines. The intake openings are protected by specially designed 
racks. The intake house over the intake dam furnishes shelter to 
the operating force in inclement weather, protects the racks, and 
contains a light traveling crane. This latter may be vsed in clean-— 
ing out the racks or to place a stop gate over any penstock opening 
desired. 

The turbines are of 12,500 horsepower capacity each and are di- 
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rect connected to an 8,000-kilowatt generator. These latter deliver 
the current at 13,500 volts, which is sufficiently high to obviate, as 
already indicated, the use of step-up transformers. The usual 
switchboard, switches, bus bars, hghtning, and other protective de- 
vices are provided for. 


PUMPS FOR INCREASED WATER SUPPLY. 


There are to be three 700-horsepower turbine pumps delivering 
water from Lake Meigs into a 60-inch force main leading to Dale- 
earlia Reservoir. The net lift is 31.5 feet. Two only of these 
pumps are needed at first. The subsequent disposition of this 
supply has already been described. 

It is proposed to build the foundations for the whole power- 
house, but to construct at first, unless otherwise decided by Con- 
gress, only one-half the power-house. This half will contain three 
generating units, space for the fourth and fifth, and pumps for 
the water supply. The fourth unit, if installed, would at once 
furnish surplus power a larger portion of the year available for 
sale. 


REDUCED ESTIMATE. 


Assuming that Congress may prefer, in the first instance at least, 
to provide for the development of only that portion of the avail- 
able power needed to supply municipal and governmental activities, 
a considerable reduction in first cost can be made. The unit cost 
of. power delivered will, however, be increased, as many of the 
larger items of cost are the same, whichever plan be adopted. 

As previously stated, the peak consumption expected in twenty- 
five years amounts approximately to 50,000 horsepower (47,000), 
requiring four turbine units, each 12,500 horsepower, and one re- 
serve, or five in all. The power-house should be of such size as to 
accommodate this number of generating machines, as well as the 
three pumps for increased water supply. To meet demands for 
some years to come, three generators and two pumps will be suffi- 
cient, and these numbers only need be installed at time of first con- 
struction. 


MAIN POWER HOUSE. 


The reduction in first cost under the assumptions of the pre- 
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eeding paragraph amounts to $1,211,800, and the estimate of cost 
becomes : 

















Dra sit Sk Oe ee Pe $2,502,000 
b. Intake dam and ‘power-house____._______- 2 2,90 L200 

e. Relocation Chesapeake & Ohio Canal, Baltimore & Ohio 
Semrenarrmecuric railway 2-2 ee So 849;,025 
Smieentiioewater Tiohts:_- 2 er 1,500,000 
meedeinecring.and contingencies _-..._____-~ 2 a8 547,775 
PER Tore eee 00000 

Credit charged to water supply (see remarks under water 
2) ju RPA Srda BELG ye Sy 2 MS gk Sah 1,700,000 
0 SS ae Sete ee ee 000,000 


DISTRIBUTION OF POWER. 


The foregoing discussion covers the project to include the genera- 
tion of the electrical energy. Its distribution must now be con- 
sidered. 

As a matter of economy, the delivery of electrical power for any 
considerable distance is made at relatively high voltages. At or 
near the site of its use it 1s transformed into a current of the 
voltage and strength most suited to the particular case. This 
leads, in the distribution throughout a large city, to the selection 
of sub-areas, each supplied from a station receiving the energy at 
this higher voltage, transforming it as necessary and delivering it 
to immediately surrounding territory. Usually there is one main 
substation, which controls the distribution to the several other sub- 
stations. 

After much study it has been decided to adopt in the present 
instance five substations: Nos. 1, 2, 3, 4, and 5. The location of 
these substations and the boundaries of the districts covered by 
them are shown on Fig. 8 (page 355). 

No. 1 is the main substation, and to it is led the electric energy 
generated at the main power-house, called ‘‘Generating station’’ 
on the figure. This main substation is located just south of the 
present post-office building in block 324, already in possession of 
the Government. Underground transmission through conduit will 
be used in all transmission lines, as so small a part of them is 
without the area in which pole lines would be undesirable or 
against the rules of the municipal government. To prevent inter- 
ruption of service due to accidents, the conduit from the genera- 
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ting station to substation No. 1 1s in duplicate, following different 
routes. 

Substation No. 1, in addition to being the main substation as re- 
gvards the other four, also serves the congested portion of the 
city. It is connected through duplicate routes with the power- 
house, supplying, by means of a steam plant, light and power to 
the Capitol group of buildings. By this interconnection this steam 
plant, with but few minor alterations and additions, thus becomes 
available as a steam auxiliary, and, having been originally designed 
with ample provision. for increase in demands upon it, will so 
serve for a number of years. Further, there are enough Govern- 
ment-owned steam plants now in operation to supply over three 
times the present demand for Government power and hght. Simi- 
lar alterations could be made in some of these, 1f additional steam 
reserve should prove necessary before final and definite decision is 
made by Congress as to the course to be followed in disposition of 
surplus power. 

Substation No. 2 controls the district west of Rock Creek (George- 
town and vicinity) ; No. 3 the district east of Rock Creek north of 
District No. 1, and includes the Soldiers’ Home; No. 4 controls 
the northeast section of the city; and No. 5 the southeast section, 
including Anacostia. | 

All these substations are to be substantial, creditable in appear- 
ance, and designed to accommodate reasonably prospective growth. 
They will be fireproof in every respect. They were designed by 
Mr. Waddy B. Wood from data furnished by this office. 

In solving for the usual city conditions a problem of the char- 
acter of the one under study, it is evident that some limit must be 
placed on development considered. Usually this is taken at the 
substations, and this limit is so fixed in the present instance. It is 
to be recognized, however, that beyond this there is still a large 
amount of work to be done to change from existing conditions to 
the new ones introduced. 


CONDUITS AND CABLES. 


The lengths of the different sizes of cables required and of the 
corresponding conduits have been estimated as closely as prac- 
ticable. The conductors of the eables have been taken so as to 
keep the loss of energy within reasonable limits. Mr. Allen, who 
prepared the estimates, gives figures for three different classes of 
insulation, viz, paper, varnished cloth, and rubber. In the esti- 
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mate below, the estimate for varnished cloth is taken. The esti- 
mates are: 


Conduits, approximately 
Cables 


Re ede eee er ee ee ere $500,000 
I ete tet kOe ee ea 2 850,000 





Total for conduits and cables BE it 2 $1,550,000 





SUBSTATIONS. 
As already stated, there are five substations. All are to be built 


of light-colored wire-cut bricks with Indiana limestone trimmings. 
The estimates are: 








pan NO. 1 ~__-_-____ BAIN A iy Wie ee Be le ey $140,318 
Substations Nos. 2, 3, 4, and 5___ eae 07,000) 
6 ate a gp BE aE VA ts: 





ELECTRICAL MACHINERY. 


The estimates for the electrical machinery for the main power 
house are included in the estimates for that structure. 
The remainder of the estimate is: 





Electrical installation for five substations ___ ee Oe LOU 


This estimate includes changes in Capitol power plant to fit it to 
act as steam reserve and to act also as substation to the buildings 
served by it with necessary power from the Falls development. It 
also includes changes in the plant of the Bureau of Engraving and 
Printing to enable power to be furnished through it to the build- 
ings served by its plant. 


TOTAL FIRST COST. 


Summing up the costs of the various elements, the following re- 
sults : 


a. Estimated cost main generating station ($1,700,000 











Remee eroowiter supply) (=. sees So ee $7,650,000 
b. Estimated cost of conduit and cables __ = Ue SMe AC!) 
Peratreated.cost substations —~_--1. =. 2-2 125-42 -22 ek 208,000 
d. Estimated cost of electrical installation ~________~ 641,000 
‘SS |e =k Brae Bees Ee $9,849,000 





COST PER KILOWATT HOUR. 


Hstimates of cost per kilowatt hour are based on operating and 
maintenance charges, expected, together with allowances for de- 
preciation, sinking fund, and interest. What should be allowed 
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for these various items is largely a matter of judgment. Allow- 
ing 2 per cent for interest and 144 per cent for sinking fund, we 
get 314 per cent per year for the two items. The allowance of 
114, per cent per year will return the capital in forty-three years, 
allowing compound interest at 214 per cent on the sums yearly set 
aside. It is believed this should be satisfactory. The interest and 
sinking fund estimate w ill be phous $9,849,000 at 344 per cent, or 
$344,715. 

For the conduit line 1 per cent depreciation will be assumed and 
for the cables 4 per cent. For the electrical machinery 4 per cent 
per year depreciation will be taken and on the substations 1 per 
cent“ pen, year 

For operation and maintenance of the whole plant, $100,000 is 
estimated as ample. 

Depreciation of machinery, structures, ete., of the main power 
house, using 1 per cent on masonry, 2 per cent on steelwork, and 3 
per cent on machinery, is given by Mr. Herschel as $57,149. Using 
the assumption above given for conduits, cables, electrical ma- 
ehinery, and substations, the following results: 





Conduits, 1 per cent: of $500,000) 222.52 ae $5,000 
Cables, 4 per cent of $850,000__ pil ieee. > 34,000 
Electrical machinery, 4 per cent of $641, 000 tf. 25,640 
Substation buildings, 1 per cent of $208,000 2) 2 ae 2,080 

Total estimate ‘of. deprecration ~222_-2 230 5._ eee $66,720 


Adding Mr. Herschel’s estimate, the total for depreciation be- 
comes $123,869. 
Collecting the above estimates of yearly cost, there results: 





Interest and sinking-fund charge .-=5 2252550 eee $344,715 
Depreciation! 3522s eee pe oo 123,869 
Operation-and -maintenante 2220 3"9_ 222 100,000 

Lota]: 4 A ee eee ap RR 





Assuming that the plant will not be ready for operation for, 
say, five years from January 1, 1913, and estimating conserva- 
tively that the average demand on the power plant by that time will 
be only 10,000 kilowatts, the yearly consumption will amount to 
72,000,000 (24 by 300 by 10,000) kilowatt hours. This gives the 
cost per kilowatt hour of 8.04 mills. This is a very reasonable cost 
and it is beheved that none of the steam plants now used for pro- 
duction of electrical energy for governmental uses can produce 
this energy as cheaply, the same basis of calculation being used. 
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The average price to the Government and the District for all 
current consumed was 2.011 cents per kilowatt hour for 1912. If 
interest and sinking fund charges are omitted, as seems to be the 
case in some of the costs given by Captain Bain, the cost per kilo- 
watt hour is at once reduced from 8.04 to 3.1 mills. It is evident 
that no steam plant can approach this figure in cheapness of pro- 
duction. 

It seems proper to remark here that for a part of the drier years 
the steam reserve provided for in the Capitol steam plant will have 
to be called upon, but this in no wise detracts from the advisability 
of the project, as on the average additional power from this plant 
will be needed on less than sixty-five days in the year, and the 
amount varying from 0 to 14,000 kilowatts, the latter only on the 
driest day. The kilowatt hours needed from this plant will aver- 
age not to exceed 4,000,000 kilowatt hours per year. The cost of 
furnishing this at the Capitol power-house may be taken at 15 
mills, making due allowance for losses. The average cost for the 
year would be 3.7 mills or 9.05 mills, depending on whether inter- 
est and sinking fund is or is not included. 


ESTIMATES. 


Intimately connected with the cost to the General Government 
of development herein submitted will be the expenditure necessary 
to acquire the necessary land and water rights, these latter in- 
eluding the power rights of all private or corporate parties. More- 
over, the General Government itself is already part owner of the 
lands and rights in question. 

The only means by which all these rights can be acquired by one 
agency at reasonable cost will necessarily be, therefore, one posses- 
sing the right of eminent domain. This right inheres in the Gen- 
eral Government in its own territory, and in the various States it 
has been given right to acquire all property necessary for its needs 
by purchase or condemnation. It is taken as a settled fact, there- 
fore, that the United States may exercise the right of eminent do- 
main to acquire such additional land and rights as it may need 
for its purposes. 

For the complete, or larger, development—that is, for one of 
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67,000 horsepower average daily load, the estimate of cost is as 
follows, as made up by Mr. Herschel: 











a. Spilway dam s---..2..2 2222 2 eee $2,502,000 
b. Intake dam ‘and power-house’_-=" 3 2o2" Sao eee 4,163,000 
ce. Relocation of Chesapeake & Ohio Canal, Baltimore & 

Ohio Railroad and electric: railway_es 252 eee 1,849,025 
d. Land, and -water rights=22=2 222 3 ee 1,500,000 
e. Engineering and omissions —_2--2 2) ee 585,975 

Total , 22:25 ee Se ee $10,600,000 
Credit charge to water supply 32-50-3225 ee 1,500,000 

Balance: {26s Soe wif bedu Lee ee $9,100,000 





Making the usual allowances for interest, depreciation, sinking 
fund, operation, and maintenance, there results as the cost per 
kilowatt hour 2.3 mills for the estimated average annual output. 
The estimated steam auxiliary cost of output will bring this cost 
up to about 3.5 mills per kilowatt hour for the year, taking into 
account the relative amounts of steam and water power used. The 
results are very favorable, and if the United States desires to 
create such a large development and sell the surplus power the out- 
lay could readily be returned to the Treasury within a reasonable 
period and profit made at the same time. The delivered costs in 
all the cases would, of course, be higher than here given, as the 
figures represent only the costs at the power-house switchboards. 


The costs per kilowatt hour just given are sufficient in themselves 
to indicate strongly the advisability of the United States under- 
taking the work under consideration. Captain Bain gives further 
hight on this. He estimates that the saving in 1912 to the General 
Government and to the District would have been $666,000 if current 
had been free of cost. The above calculations show that this eur- 
rent—in fact, a much larger amount of current—could have been 
furnished from the proposed plant for $568,584, indicated a sav- 
ing of $97,416 annually. This, capitalized at 2 per cent, would 
represent $4,870,800. Against this, however, must be placed the 
cost of local distribution and of changing existing plants so as to 
enable them to take the Great Falls power. No detailed estimates 
of this cost have been made, but it may be safely stated that such 
cost will be only a small fraction of this sum—again giving a result 
favorable to the project. 


; 
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SUMMATION AND CONCLUSION. 
The following tabular statement of estimates of cost is here given 
for comparison: 


Project No. 1 of this Report. 


Estimated cost increased water supply from Potomac River, 


parallel line project; no power development feasible____ $6,567,100 
Annual cost of operation, including interest on first cost__ 351,300 
Annual cost of operation, excluding interest ___________ 154,300* 


Project No. 2 of this Report. 


Estimated cost increased water supply from Patuxent 


River; no power development feasiblé _______________ $6,215,000 
Annual cost of operation, including interest on first cost__ 410,000 
Annual cost of operation, excluding interest_.__________ 223,700* 


Project No. 3 of this Report. 


Estimated cost of increased water supply from power pro- 

















geet, increased by $1,700,000_________ an Deseo kee O00 
Annual cost of operation, including interest on first cost 

and inereased by 3 per cent of $1,700,000___-______ ‘3 350,900 
Annual cost of operation, excluding interest_____ : 1G O08 
Estimated cost of development of power for General Gov- 

ernment and municipal needs, less $1,700,000________ 9,849,000 
Annual cost of operation, including interest and sinking 

Suemmaroroximately> 2.0: sho Sk 568,584 
Cost per kilowatt hour of current delivered________mills__ 8.04 
Annual cost of operation, interest and sinking fund not in- 

Prego. aS 2a oD Cee es fe PS eS, NE 281,018 + 
Cost per kilowatt hour of current delivered________ mills__ 3.1 


These conclusions follow: 1. If increased water supply alone is 
considered, either of projects Nos. 1 or 2 will furnish a satistactory 
solution, with but little choice as to quality and security of supply. 
The slight advantage of the Patuxent River (No. 2) project is be- 
heved to be outweighed by the less cost (cost of operation included 
in the comparison) of No. 1, the parallel-line project of the Potomac 
River. Therefore, if the power project is not adopted, this latter 
project is recommended for immediate adoption. 

. By adopting the power-plant project as herein proposed—and it 
is beyond question the most satisfactory solution, for governmental 
purposes, of any suggested—the total expenditures for first cost 


*These are the resulting estimates of cost of annual operation and main- 
tenance, including the present aqueduct, ete., that would have to be met by 
-annual appropriation. 

+The annual appropriation for operation of the power plant installation will 
amount to $100,000, more or less. 
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will be $15,021,600, with an estimated total annual cost of opera- 
tion and maintenance of $215,000, including both power and water 
supply. 

For this, however, there is obtained a safe and sure water supply, 
capable of indefinite expansion as needed at very small cost; a 
power plant that, from the savings effected, will return its cost 
within a reasonable period and also provide interest at 2 per cent. 
It provides opportunity for revenue from sale of power under con- 
ditions at which no one could take exception, the water power being 
created entirely by the General Government and the means thereof 
lying wholly within its domain. It should be noted that these re- 
sults are obtained on consumption as estimated at time of com- 
pletion of plant and that as the consumption increases, as it un- 
doubtedly will, the corresponding savings will be increased. 

There are other advantages to this plan that may recommend it 
to favorable consideration. It provides a lake adjacent to the 
eity the natural beauty of which is enhanced by the scenic features 
of the Potomac River. The upper part of the Great Falls are un- 
disturbed and their attractiveness undiminished at any time of the 
year. As an added attraction to visitors it will be worth much, and 
as a measure of conservation many thousands of tons of coal will be 
saved to the nation and the people. Its value in these ways ean 
hardly be estimated in dollars and cents. 

In view of all that precedes, the writer recommended, first, that 
project No. 3 of this report be adopted by Congress; second, that 
other projects for increased water supply be dropped from con- 
sideration; and, third, that a first appropriation be made in the 
pending District bill, or as a separate measure, of $3,000,000, to be 
expended under the direction of the Chief of Engineers in aecord- 
ance with this project, for preliminary work, acquirement of land 
and water rights by ordinary methods of purchase or by con- 
demnation proceedings, when, in the opinion of the Chief of Engi- 
neers, such course is deemed advisable, and for all other necessary 
purposes, $1,000,000 of the sum above mentioned to be applied to 
construction needed for the increased water supply as deseribed in 
the project, and that provision be made in the appropriation for 
contract authorization for the remainder needed to complete the 
project, to be paid for as appropriations may be made from time 
to time by law. 


Book Bebtews 


A Text-Book on FIELD Fortirications. By Col. G. J. Fiebeger, 
United States Army. Third edition, John Wiley and Sons, 1913. 
Price, $2.00 net. | 


As stated by the author in his preface to the first edition, this 
book was written for use in the course of instruction in the United 
States Military Academy. Having been prepared for a special 
purpose, it is but natural that it should differ somewhat from the 
ordinary works on the same subject. Siege works have been omit- 
ted, being taught in connection with military mining, while chap- 
ters on the passage of rivers, military demolitions, and communiea- 
tions have been included. 

The present edition bears little resemblance to the first edition ; 

in fact, as stated by the author, it has been entirely rewritten. In 
view of the experiences of the South African and Manchurian cam- 
paigns and the consequent correction of views as to the part played 
by fortifications in war, radical revisions of existing text-books on 
field fortifications have become necessary, and this has been most 
effectively accomplished by the author in the third edition of his 
work. 
The fundamental principles governing the employment of field 
fortifications in campaigns are clearly and concisely set forth, and 
fully supported by examples from the most recent wars, as well as 
by pertinent references to the United States Field Service Regula- 
tions, United States Infantry Drill Regulations, and to official re- 
ports of the South African and Manchurian campaigns. 

The text of 134 pages is followed by three appendices and 27 
plates, the latter of excellent workmanship. 

It is not too much to say that he who shall have mastered this 
little volume will have a most thorough and correct knowledge of 
field fortification in its relation to modern warfare.—J. E. K. 


RussIAN REGULATIONS FOR FIELD FORTIFICATIONS FOR OFFICERS OF 
Att Arms, 1910. French translation by Chef de Bataillon 
A. P. A. Painvin. Published by Henri Charles, Lavanzelle, No. 
10 Rue Danton, Boulevard St. Germain, 118, Paris, France. 
Price, 50 cents. 

These regulations complete and supplement corresponding regu- 
lations concerning the same subject for infantry, field artillery, and 
engineer troops. 

The original regulations are divided into four parts: 

a. Field fortifications; b. Military ways or communications; ©. 
Telephones; d. Bivouaes. 
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The translation at hand reproduces at considerable length the 
substance of ‘‘a’’ as far as concerns the infantry, omitting what 
specially concerns the field artillery only. Extracts of general in- 
terest from ‘‘b,’’ ‘‘e,’’ and ‘‘d’’ have also been reproduced. 

The book contains 91 pages, including about 72 illustrations; the 
dimensions are reduced to the metric system. 

The intention of the regulations is to explain all field construction 
work which the infantry and artillery will be called upon to execute 
along or under supervision of the engineers, or in which they may 
assist the engineers. They form a kind of hand-book for field sery- 
ice on these subjects : 

Chapter I deals with the defensive. The subject of trenches is 
first discussed and the various types illustrated, showing how the 
cross-section varies under different conditions and how to protect a 
line of trenches from enfilade fire or localize the effect of shells. 

Various kinds of loopholes, headcover, splinter-proofs, and com- 
muniecating trenches are then described and illustrated, and the 
question of drainage is discussed. 

The Russians evidently have three different types of machine 
ouns, and the details of emplacements for each are given. 

The supporting points or redoubts described follow the general 
trend of those evolved as a result of the Manchurian War. Type 
forms are given, but their application of the special contours of a 
position are shown. Under this head are also descriptions of the 
obstacles, dummy trenches, and other accessories of the redoubts. 

Chapter II deals with the role of entrenchments on the offensive, 
including the attack of fortified and unfortified positions and night 
attacks. It then gives the general conditions and the special con- 
ditions to be fulfilled in the defense of a place or position, as to 
obstacles, supporting points, secondary lines, ete.; then deseribes © 
the method of procedure of the troops assigned to construct differ- 
ent parts of the line and the methods of defending the same, in- 
cluding both personnel and matériel. 

Parts II, I11, and IV deal briefly with the subjects of the passage 
of streams, the use of military telephones, and expedients to use in 
bivouacs to make the men comfortable. 

There is nothing really new in the book for one who has followed 
closely the recent trend of field fortifications, but few expositions 
concerning the placing of trenches and supporting points have 
been as clear and definite as this one.—w. D. C. 


A STAFF OFFICER’s Scrap Book. By General Sir Ian Hamilton, 
G. ¢. B. Second edition published by Longmans, Green and Co., 
of New York and London. 444 pages and 42 maps and sketches. 
Price, $2.10 net. 

A wonderfully well written book by a trained eye-witness who 
traveled with Kuroki’s army from the battle of the Yalu until a 
few days before Mukden. To great ability as a writer, Ian Hamil- 
ton adds the enthusiasm of youth tempered with long years of ex- 
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perience in observing and reporting events on the battlefield. _ Not 
only is he a highly trained military observer, but a close student 
and deep thinker on world affairs and the causes that control those 
affairs. He has a great fund of general information gathered 
from both observation and reading with which he illuminates his 
story, thus making his book one of the comparatively few that ean 
be read with equal profit by the soldier and the civilian. 

Not only is Sir Ian Hamilton a deep and independent thinker, 
but he has the courage and, perhaps we should add, the rank w hich 
enables him to state his opinions even when, as occasionally hap- 
pens, those opinions are severe, not to say caustic, criticisms of the 
English War Office and even of the English Government itself. It 
is not conceivable that any American officer would dare criticise 
his own Government and War Department as Sir lan Hamilton 
has criticised, at times, the English Government and the English 
War Office, end yet those very criticisms, written on battlefields 
during a creat war that has changed the course of world affairs, 
should be of the greatest possible value to England. 

To Americans the book is peculiarly valuable at the present time, 
when too many are inclined to look upon anything teaching mili- 
tary preparedness as abhorrent to twentieth century civilization. 
Sir [an Hamilton has no such delusions; to him the idea of disarma- 
ment, or even the serious reduction of armaments, by any civilized 
nation to-day, is so fraught with danger that he can hardly discuss 
the subject. Indeed, to him, disarmament by any European or 
American nation just when other nations on the Asiatic continent 
with totally different ideals in morals, religion, and practically 
everything else, are barely beginning to realize the power of arms 
and ammunition, means national suicide. 

And to any Caucasian who stops to think of the hundreds of 
thousands of policemen, sheriffs, judges, and the hosts of attendants 
on each, that are employed to keep his own countrymen at peace, 
it ought not to be necessary to speak more than once to show him 
the absurdity of expecting to get our rights in the world, among 
other nations so totally different in all their ideas, unless we are 
prepared to back with men and arms every just demand. 

To the military man, one of the most important lessons empha- 
sized in the book is the necessity for quick, determined initiative. 
One does not need to read half way through the book to discover 
that the Russian soldier was not only as stubborn a fighter as the 
Japanese, but that he was probably more indifferent to danger on 
an average than the Japanese themselves and yet the Japanese in- 
variably won. Where numbers were about equal, the success of 
the Japanese was due to two things: Initiative and the ability to 
make tremendous marches over difficult country. It is true the 
Russian was able to make those same long marches, but he lacked 
the initiative and daring so necessary to final success in such move- 
ments. The Russian was too prone to remain in his chosen lines 
and await the attack and, evidently, the Japanese counted greatly 
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upon this Russian trait, because time and again they dispersed 
their numbers in a way that would have been frightfully dangerous 
had the Russians possessed the same initiative as the Japanese. 
One other point which Sir Ian Hamilton emphasizes and which 
must not be lost sight of is, that to-day it is probably more neces- 
sary than in former years to close with the enemy to within striking 
distance with the bayonet at the earlest possible moment. This, 
he shows, must be done through night attacks and surprises which 
necessitate, as before mentioned, great initiative coupled with the 
ability to make long marches under difficult circumstances. He 
also demonstrates that the general who counts on winning a battle 
in the future by sitting down in trenches and maintaining a long 
range duel will be beaten; a fact that 1s being emphasized just at 
present in the war between Turkey and the Balkan allies.—a. A. F, 
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Treatment of Gun Emplacements® 


I take a little gravel, 
And I take a little tar; 

With various ingredients, 
Imported from afar, 

I hammer it and roll it, 
And when I go away, 

I think they have a ‘placement 
That will last for many a day. 


But—— 


I must come with picks and smite it, 
To lay a water main; 
And then I call the workmen 
To put it back again. 
To run a hoist or cable 
I must take it up some more, 
And then I put it back again, 
Just where it was before. 


I must take it up for conduits 
To run the telephone ; 

And then I put it back again 
As hard as any stone. 

I must take it up for wires 
To feed the ’lectric light, . 

And then must put it back again, 
Which is no more than right. 


Oh! the platforms full of furrows, 
There are patches everywhere ; 

I would like to swear about it 
But ’tis seldom that I dare. 

They are very handsome ’placements, 
A credit to the Corps! 

We are always digging of them up, 
Or putting down some more. 

—Anonymous. 





*(Paraphrased and slightly remodeled from a brilliant 
Western poet by an exasperated dauber of cement.) 


Cvditorial Notes 
Award of Prizes 


The School Board of the Engineer School has awarded the four 
prizes offered to Junior and Assistant Engineers for the best 
articles published in the ProressionaAL Memorrs during the year 
1912, and has forwarded checks for the amount of the prizes as 
follows: 

First Prize, $50.00, to Mr. E. J. Duffies, Assistant Engineer, 
United States Engineer Department, for his article in No. 17 en- 
titled, ‘‘Deseription and Cost of Concrete Superstructures for 
Breakwaters at Harbor Beach, Michigan.’’ 

Second Prize, $25.00, to Mr. J. M. Pratt, Assistant Engineer, 
United States Engineer Department, for his article in No. 14 en- 
titled, ‘‘ Dredges and Dredging in the Mobile District.’’ 

Third Prize, $15.00, to Mr. J. D. DuShane, Assistant Engineer, 
United States Engineer Department, for his article in No. 18 en- 
titled, ‘‘ Hydraulic Dredges ang Wes aials in the Improvement of 
the Upper Mississippi River.’ 

Fourth Prize, $10.00, to Mr. C. H. Tisdale, Junior Engineer, 
United es Engineer Department, for his article in No. 13 en- 
titled, ‘‘ Treatment of the Fe for the Power House and 
Dam, Hales Bar, Tennessee River.’ 

Although, w hen the offer of these four prizes was aioe made, 
it was stated that awards would be made by three assistant engi- 
neers, not competitors, it has been found impracticable to do so, thus 
making it necessary for the School Board to make the awards. 

In this connection, the editors wish to again eall attention to the 
fact that the same prizes are offered for the best articles published 
during the year 1913, the competition being open, however, to all 
subseribers, with the exception of officers of the Corps of Hngi- 

neers with more than ten years service in the Corps. 





Apprectation and Adbice 
War DEPARTMENT, 
Washington, March 3, 1913. 
Dear General Brxpy: 
M4 I have a very high admiration for the ability that you 
have shown in making the recommendations which have come to 
370 


EDITORIAL NOTES A 


me on all of the varied and intricate problems of your office; and it 
has been an even greater satisfaction to realize that in all of these 
problems, involving such great financial responsibility, I could 
always rely upon your advice as being actuated solely by the 
highest traditions of your Corps. 

The men of your Corps have always shown themselves equal to 
any professional or financial responsibility. I want to remind you, 
however, that a quasi political responsibility—not at all in a par- 
tisan sense—is now being more and more thrust upon you. In 
dealing with rivers and harbors Congress is too apt to represent 
merely the sum of local viewpoints. Too often does it wholly fail 
to look upon our problems from the national standpoint. At the 
same time, the necessity and importance of that national viewpoint 
is constantly increasing. The same era of combination and con- 
solidation which has swept through our railroads, is turning the 
problems of our water routes from local to national problems. It 
is upon the Board of Engineers that the duty must fall of bringing 
this viewpoint to the attention of Congress If they are not nation- 
al, no one will be. They are not only the advisers of Congress, 
but the advisers of the Executive; and from all these circum- 
stanees there grows out a duty for them to have the broadest pos- 
sible perspective and the most farsighted view. J think you re- 
alize this; but I hope you will constantly keep it in mind in the 
future, because I know of no permanent body of men upon whose 
shoulders rest more of the Nation’s responsibilities than the Corps 
of Engineers. 

Faithfully yours, 
Henry L. STIMSON. 
Brig. Gen. Wituiam H. Brxsy, 
War Department. 





Rules for Authors 
The publication of many articles submitted to the PROFESSIONAL 
Memoirs is delayed because of the incompleteness of the data, 
drawings, and photographs submitted. It is believed by the editors 
that a great deal of this delay, together with considerable of the 
extra work done in this office, can be obviated without any extra 
work on the part of the authors if certain rules hereafter given are 
followed. 
In submitting these rules the editors do not wish to deter any- 
one from submitting an article because his drawings or photo- 
eraphs do not meet the conditions set forth herein, for the reason 
that if he has not the time to arrange them properly but will sub- 
mit the article, the other necessary work will be done in the edi- 
torial office, providing, of course, that the article is a good one; but 


Eye: EDITORIAL NOTES 


where drawings or tracings must be made, or photographs be 
taken, especially for the purpose of the article, they should con- 
form to the following rules: 


PREPARATION OF ARTICLES. 


Let the title name the subject of the article and be as short as 
possible; in fact, the shorter the better. 

The first paragraph should give the location of the work under 
discussion or a very brief general description of the appliance, tool, 
or subject-matter of the paper. 

This should be followed with what history it is intended to re- 
late, after which the subject treated of will be discussed in as much 
detail as the writer deems desirable. 

Ample space should be given to the description of articles and 
methods, remembering that what may be very clear or common to 
the writer may not be at all so to the reader. This applies par- 
ticularly to the writer with much practical experience on con- 
struction work or in the field but with little or no practice in 
writing up his work. If there is no repetition, the article is not 
apt to be too long. Articles should always be illustrated fully with 
drawings and photographs. If there be too many the editor can 
easily omit those not desired, but if there are too few it causes no 
end of trouble to get the required numbers, often resulting in 
serious delay that is apt to destroy largely the timeliness of the 
article. 

PREPARATION OF DRAWINGS. 


Whenever an original drawing is made for use in the PROFEs- 
SIONAL Memoirs, or whenever another drawing is traced for that 
purpose, it should, so far as possible, conform to the following re- 
quirements as regards outside dimensions of the drawing, thick- 
ness of lines, heights and widths of letters, ete. 

If the drawing is intended to be reproduced by a line eut, it 
should be arranged so as to reduce to 4 inches by 7 inches for a 
full-page cut and ordinarily arranged to be viewed from the long 
side. If, when reduced, the cut will be 4 inches wide and less 
than 6 inches in length, it should be arranged to be viewed from 
the narrow side. If it is intended that the drawing shall be litho- 
graphed, it should be drawn so as to reduce to 7 inches in width, the 
length being immaterial so long as it does not exceed 26 inches 
(reduced) ; though it is better to not have it longer after reduction 
than 20 inches and always to be viewed from the long side. The 
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above rules avoid making lithographs that must be folded from the 
top down as well as lengthwise. In submitting drawings, the 
original tracings or photographs of the same should be sent with 
the article. 

Letters for the titles of drawings and for highly important names 
that it is desired to emphasize should be, after reduction, not less 
than 1-10 of an inch in height, the width of the letter and its 
spacing being the same. The letters should also be made heavy. 
The spacing may be increased if there is ample room. Important 
places referred to in the article should be lettered in the same way 
with letters not less than 1-16 of an inch in height after reduction, 
the width of the letter and its spacing being the same, subject to 
the same remarks as for titles. Finally, any words or lettering 
expected to be read at all should be not less than 1-20 to 1-24 inch 
in height after reduction. Border lines should be not less than 
1-60 of an inch wide after reduction. In drawing fine lines, such 
as occur in depicting sections of machinery or materials, the spaces 
between the lines should be not less than 1-100 of an inch and the 
width of the lines themselves not less than 1-150 of an inch, all, 
of course, after reduction. Other lines of the drawing should be 
heavier in accordance with their importance, but not heavier than 
the border. As a matter of fact, with few exceptions, lines as 
drawn are usually heavy enough for considerable reduction, but 
the lettering always requires particular attention. 

These rules apply about equally well to drawings, whether they 
are to be lithographed or printed from line cuts. 

When photographs are taken with a view to their reproduction 
they should be, if possible, so chosen that they may be reduced to 4 
inches in width and not greater than 7 inches in length. The 
clearer the photograph and the more contrast between the lights 
and the shadows the better it will reproduce. It should be re- 
marked that if a negative is thin it 1s best to make prints on hard- 
finished paper, as this gives greater contrast between the light and 
the dark portions of the picture. In fact, it is a good rule to print 
all pictures intended for reproduction on hard-finished paper. 

At the end of an article the author should give his full name 
(with all initials written out) together with the date of his birth, 
because all articles that appear in the PROFESSIONAL MEMorRs are 
indexed and cards made out descriptive of the same by the Con- 
_gressional Library, whose rules require the full name and date of 


birth of the author. Finally, for use of the Memorrs, the author 
should give his full official title, name of work engaged on, if any, 


374 EDITORIAL NOTES 


and the names of any engineering or other societies he desires to 
have printed after his name. 


Errata in Po. 20 
The exponent of the fraction in top line, page 145, should be 2 
instead of 2, 
The word ‘‘left,’’ which ends the first line of the caption to 
Fig. 1, page 33, should be ‘‘right.”’ 
The words ‘‘ Fig. 1,’’ at the end of line 10, page 184, should read 
palo eee: eae 


Errata in This Pumber 

On Plate 2, opposite page 250, near the lower left-hand corner, 
the time of maximum northbound tide should read ‘‘the VII Junar 
hour’’ instead of ‘‘the XII lunar hour.’’ 

It should be noted that the part of the curve in the middle of 
Plate B, page 253, below the line is the discharge for southbound 
currents and that above, the discharge for northbound currents. 

In the formula, page 265, the second term of the equation, only, 
is divided by 4. 

On page 278, 4th paragraph, seventh line, there should be a 
period after the word ‘‘kills;’’ the word ‘‘under’’ should be omit- 
ted; the word ‘‘the’’ begun with a capital; and the words ‘‘was 


therefore made’’ inserted immediately after the word ‘‘assump- 
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Che Dalles-Celtlo Canal 
Lie 


Mr. FREDERICK C. SCHUBERT 
Member American Society of Civil Engineers 


The object of the Dalles-Celilo Canal is to overcome the ob- 
structions in the Columbia River between the foot of Three Mile 
Rapids, 200 miles from the Pacific Ocean, and the head of Celilo 
Falls, 9 miles distant. These obstructions constitute the only 
barrier remaining, after the construction of the Cascades Canal 
(45 miles below) to continuous navigation of the Columbia River 
from the Pacific Ocean to Priest Rapids, Washington, a distance of 
407 miles. 

COLUMBIA RIVER. 


The Columbia River rises in the southwestern part of British Co- 
lumbia, flows northwesterly through that province about 200 miles, 
thence southerly through British Columbia and the State of Wash- 
ington about 700 miles to the Snake River, and finally westerly for 
about 300 miles between the States of Oregon and Washington 
into the Pacific Ocean. It is the third largest river in the United 
States, having a total length of approximately 1,200 miles, 750 of 
which are in the United States, with a drainage area of 259,000 
square miles. Its low water flow is approximately 50,000 second- 
feet, while its high water flow is estimated at 1,500,000 second-feet. 
The total navigable waters of the river and its tributaries aggregate 
2,136 miles. 

The Columbia River is navigable for ocean-going vessels from 
the Pacific Ocean to Vancouver, Wash., a distance of 106 miles. 
From Vancouver to the foot of the Dalles or Five Mile Rapids, a 
distance of 94 miles, including the Cascades Canal, there 1s a low 
water channel depth of 8 feet. Between the foot of Dalles Rapids 
and the head of Celilo Falls, the river is not navigable on account of 
swift currents and the falls at Celilo. From Celilo to Priest 
Rapids, a distance of 198 miles, there is a least-channel depth, at 
low water, of 414 feet. At Priest Rapids the river is obstructed 

See 
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for 1114 miles. From the head of Priest Rapids to Arrow Head 
Landing, B. C., a distance of 488 miles, there are long stretches of 
navigable water broken by obstructions. In this latter distance 
there are 255 miles of navigable waters, 113 miles of river navigable 
at favorable stages, 109 miles (Okanagon to Spokane Rapids) 
navigable at great risk and only 11 miles (Rickeys Landing to 
Marcus) considered not navigable. 

On the Snake River there is a minimum channel depth of 30 
inches at low water, from its mouth in the Columbia River to the 
Grande Ronde River, a distance of 165 miles. 


OBSTRUCTIONS OVERCOME BY THE DALLES-CELILO CANAL, 


There are four principal obstructions to navigation in the stretch 
of river between the foot of Three Mile Rapids and the head of 
Celilo Falls, where at each place a rock reef crosses the river bed 
and through which the river has cut its way. The lower three of 
these obstructions take their names from their approximate distances 
above the town of ‘‘The Dalles.’’ The fourth, or upper reef, is 
called Celilo (or Tumwater) Falls. 

At Three Mile Rapids the general surface of the reef is from 
65 to 75 feet above sea level and about 30 feet above low water in 
the river. At the head of these rapids the river has worn a channel 
through the solid rock to a depth of 165 feet below low water, 
making a total depth from the general surface of the reef to the 
bed of the river of about 200 feet. While the natural width was 
about 190 feet at the narrowest place and quite crooked, it has 
been so improved by the removal of rock reefs that it 1s now 
generally 250 feet in width with a least depth of 10 feet at low 
water. This channel can now be navigated at any stage of the 
river by steamboats of about 600 horsepower, which is about the 
usual power of boats operating on the upper river. The most 
difficult stage for navigation is about 15 feet above low water, at 
which time the entire flow of the river must pass through this 
narrow channel. After the 15-foot stage is passed the flood waters 
pass through high water channels. 

The second obstruction to navigation is Five Mile Rapids (the 
Dalles of the Columbia) where although the general surface of 
the reef (114 miles in length) is from 130 to 150 feet above sea 
level, the low water surface is only 55 feet above sea level. The 
channel cut by the river has a depth of 160 feet at low water at 
the head of the rapids and a width, at its narrowest point, of 160 
feet. Until a 35-foot stage of the river is reached at the head of 
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the rapids, the entire flow of the Columbia River must pass through 
this gorge. At the head of the rapids the ordinary stages reach 
a height of 75 feet, while the maximum flood (1894) reached a 
height of 93 feet above low water. At low water the fall of the 
rapids through the gorge, 114 miles in length, is about 10 feet, and 
at ordinary floods (75-foot stage) about 40 feet. The rapids are 
not navigable at any stage owing to the swift currents and danger- 
ous rocks. Several steamboats have run the rapids at a moderately 
low stage of the river, but not without considerable damage to the 
hulls. 

The third obstruction is Ten Mile Rapids. At this point a rock 
reef extends about half way across the river bed. The channel 
at the head of the rapids at low water and up to a stage of 17 feet 
higher is a gorge through the solid rock about 250 feet in width. 
After a rise of 17 feet the flood water passes through a large high 
water channel along the right bank. The fall through the rapids 
at low water is about 214 feet and at high water about 5 feet. The 
rapids are not particularly dangerous to navigation, as the channel 
is straight and deep. The rise of the river at the head of the 
rapids during ordinary June freshets is about 70 feet, with a 
maximum flood stage of about 80 feet. 

The fourth obstruction is Celilo or Tumwater Falls, where a rock 
reef crosses the river bed. This reef has a surface elevation of 
about 132 feet above sea level. The low water surface above the 
falls is 12614 feet above sea level and at the lower end of the reef 
80 feet, making a total fall of 4614 feet at low water. The lower 
end of the reef is 6,000 feet below the head of the falis. At low 
water the river bed is composed of a large number of small islands 
separated by deep channels. The main channel is about 300 feet 
in width and follows the Oregon shore. At the head of the main 
channel is the noted Horse Shee Falls, where there is a sheer fall 
of about 24 feet at low water. At ordinary high water during 
June freshets, the fall is about 6 feet. During the June freshets 
a boat can run the rapids without great danger, and several steam- 
boats have done so without serious damage to the hulls. 

At extreme low water the total fall in the river between the 
head of Celilo Falls and the foot of The Dalles or Five Mile Rapids 
is 8114 feet, and at high water, during ordinary June freshets, 
about 50 feet. During low water the fall is mostly concentrated 
-at Celilo Falls, and at high water at the Dalles Rapids. On account 
of the flattening of the river slope at the rapids during the freshet 
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season, the extensive development of water power at the rapids 
is a difficult matter, and only a small part of the total flow of the 
river (about 50,000 second-feet at low water and 1,500,000 second- 
feet at high flood stage) can be utilized. To utilize the total fall 
of the river in the above-mentioned stretch would require a ditch 
or flume 8 2-3 miles in length, which would be a difficult under- 
taking on account of a railroad on the north bank and the Celilo 
Canal and a railroad on the south bank. <A limited amount of 
water power can be obtained from water from the canal for use 
in operating lock gates, bridges, and for electric lighting. 


NAVIGATION OF THE COLUMBIA RIVER. 


From the date of its discovery, May 11, 1792, to 1850, the navi- 
gation of the Columbia was confined to the river below the Cascades 
and principally between Portland and the sea. Sea-going sailing 
vessels were in use until the Beaver, the first steam vessel, entered 
the Columbia River in March, 1836. 

The first river steamer to ply the river was the Columbia, a 
side-wheel steamer 90 feet in length and 16-foot beam, which made 
her trial trip July 13, 1850. The Lot Whitcomb, a side-wheel 
steamer 160 feet in length and 24-foot beam, was launched De- 
cember 25, 1850. 

The first steamer to ply the river between the Cascades and The 
Dalles was the Jason P. Flint, a small iron propeller boat built be- 
low the Cascades in 1851 and hauled up over the Cascades. The 
Flint returned to the lower river in 1852. 

The steamers Mary and Hassalo were built at the Cascades in 
the years 1853 and 1857, respectively, and the steamer Idaho at 
the upper Cascades in 1860. All three plied between the Cascades 
and The Dalles. ° 

The first steamer to ply the river above Celilo Falls was the 
Col. Wright, built at Celilo in 1858, which made her first trip in 
April, 1859. During the years 1859-1860, the portage at the Cascades 
was made on wooden tramways and from the Dalles to Celilo by 
teams. Later, portage railroads were constructed at the Cascades 
and from The Dalles to Celilo. 

The first steamer to run on the Snake River was the Col. Wright, 
which made a trip in June, 1860, up the Snake to Clearwater River 
and 37 miles up the Clearwater. The Okanogan followed a few 
weeks later. 

Lewiston, Idaho, at the confluence of the Snake and Clearwater 
rivers, was founded in 1860. In 1862, the rush to the Salmon 
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River mines in Idaho required greater transportation facilities 
than existed at the time, and four river steamers were built. The 
Okanogan, Tenino, Spray and Cascadilla. The Okanogan had a 
length of 118 feet, 24-foot beam and 514-foot depth of hold. The 
Tenino, 136 feet in length, 26-foot beam and 5-foot depth of hold. 
The Cascadilla and Spray were smaller boats. 

The business during the year was enormous, hardly a steamer 
earried less than 200 passengers and freight was refused. On 
April 29, 1862, the steamer Jenino left Celilo for Lewiston with 
a load of passengers whose fares amounted to $10,954.00. 

In 1863, the steamers Webfoot and Nez Perce Chief and a small 
propeller beat, Celilo, were added to the fleet above Celilo. All 
three boats were built at Celilo. The Nez Perce Chief was 126 
feet long and 25-foot beam. The Webfoot was 160 feet long and 
31-foot beam. 

On October 29, 1863, the Nez Perce Chief, launched that year at 
Celilo, brought down gold dust valued at $382,000.00 from the 
Salmon River mines. 

In the year 1864, the steamers Yakima and Owyhee were added 
to the upper river fleet, both boats being built at Celilo. The 
Yakima was 150 feet long and 29-foot beam. The Owyhee 123 feet 
long and 24-foot beam. During this year the transportation rates 
were as follows: 

Portland to The Dalles, about 110 miles, freight, $15 ton; fare, $6 
Portland to Umatilla, about 200 miles, freight, 45 ton; fare 10 
Portland to Walla Walla, about 250 miles, freight, 50 ton; fare, 12 
Portland to Lewiston, about 360 miles, freight, 90 ton; fare, 22 
In the year 1864, the boats between The Dalles and Lewiston 
earried 36,000 passengers and 21,834 tons of freight. The trip 
from Portland to Lewiston was made in from three to four days, 
and the down trips in two to three days. In 1911, the trip from 
Lewiston to Portland was made in less than one day with portage 
from Celilo to The Dalles (12 miles). 

In November, 1865, the steamer Forty-Nine was launched at 
Colville, Wash., and in December, 1865, ascended the river to the 
head of Lower Arrow Lake and meeting floating ice, returned. 

In 1866, the steamer Mary Moody was built on Lake Pend 
O’Reille, the first steamer on any of the lakes, except The Arrow 
Lake. The steamer Shoshone was built at Fort Boise during the 
year for navigation of the Snake River above the Seven Devils. 
This steamer made a perilous but successful trip to the lower 
Columbia River, but not without serious damage to its hull. 
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Navigation of the upper Columbia River declined rapidly from 
1866 to 1870. In June, 1866, the steamer Ckanogan was taken 
over the Celilo Falls to the middle river, and in June, 1870, the 
Shoshone and Nez Perce Chief followed. 

During the 70’s a number of the older boats were rebuilt and 
renamed. The Yakima became the Annie Faxon and the Col. 
Wright the Spokane in 1877. The steamer Northwest was also 
built in 1877. 

In 1873, the Government commenced the work of improving the 
upper river above Celilo, by removing dangerous rocks, and in 
1878 began the construction of the Cascades Canal on the middle 
river. 

In 1878, the steamer John Gates, 151 feet long and 32-foot beam, 
was built at Celilo. In 1887, this steamer made a trip up the 
Columbia, passing over Priest and Cabinet rapids and part way 
up Rock Island Rapids, and then returned down river. 

In 1880, the steamer Fred K. Billings, a steamer 200 feet in 
length, 37-foot beam and 6-foot depth of hold, was built at Celilo. 
She was probably the largest steamer ever operated on the upper 
Columbia, and was wrecked in 1894. 

In February, 1881, the Harvest Queen was launched at Celilo 
and one week later was taken over Celilo Falls. The steamer was 
200 feet long by 37-foot beam and 714-foot depth of hold. It was 
probably too large to operate on the upper river and it seems 
strange that a steamer of such depth of hold should have been built 
for the purpose. 

In 1882, the steamer Katie Hallet was built on the Clarks Fork of 
the Columbia for use in the construction of the Northern Pacifie 
Railway. During the years 1883 to 1885, a number of steamers 
were built on the upper Columbia River near the lakes in British 
Columbia. On Lake Kamloops four or five steamers were built, all 
125 to 140 feet in length and 25 to 28-foot beam. In 1886, several 
small steamers appeared on Lake Kootenia, British Columbia, and 
in 1890 another steamer was added to the-fleet on the lake. Three 
steamers were also built for the Columbia River and Arrow Lake 
from Revelstoke to Little Dalles. 

After the completion of the Oregon Railroad and Navigation 
Company Railroad from Wallula to Portland in 1882, navigation 
_ of the upper Columbia practically ceased. Only a few steamers re- 
mained on the river above Celilo Falls and these were taken to the 
Snake River to operate between Riparia and Lewiston, where there 
was no railroad. 
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During the years 1891 to 1894, an attempt was made to revive 
the navigation of the river when a company built 4 portage rail- 
road on the Washington shore between the foot of the Dalles Rapids 
and Columbus. The steamer Fred K. Billings, rebuilt at Pasco, 
Wash., to run in connection with the Portage, was wrecked in 1894 
on its first trip down river. Shortly afterwards the company went 
into the hands of a receiver and nothing further toward navigation 
of the upper river was done for some years. 

In 1896 the Caseades Canal was opened to navigation, which gave 
continuous water navigation from the Pacific Ocean to the foot of 
The Dalles cr Five Mile Rapids. On February 19, 1903, the 
State of Oregon appropriated $165,000.00 for the construction of 
a portage railroad around the obstructions between the foot of 
The Dalles Rapids and the head of Celilo Falls, to be operated 
during the construction of the Dalles-Celilo Canal. This railroad 
was completed during the fall of 1905, and in 1910 was extended 
to The Dalles, Oregon. 

During the year 1905 the steamer Jerome, built near Pasco, 
Wash., was used on the upper river above Pasco, Wash., and was 
intended for use in conjunction with the State portage at 
Celilo. The captain of the Jerome, who had never made a trip 
below the mouth of the Snake River, wrecked his steamer at Homily 
Rapids in September, 1905, while returning upstream to Kenne- 
wick on his first trip to Wallula Junction, after having abandoned 
the trip to Celilo. 

In 1908, the railroad (J. J. Hill’s road) along the north bank of 
the Columbia River was completed, giving railroad competition on 
both sides of the river. Two small steamers were in use on the 
upper river in connection with this portage road until 1908, when 
the Open River Transportation Company built two larger steam- 
boats. The smaller boats have been taken off the river and there 
are now only two steamers running regularly between Celilo and 
Priest Rapids and to Lewiston, Idaho, when the Snake River stage 
is favorable. On the Snake River there are now two steamboats in 
use for connection with the railroads between Riparia and Lewiston. 


EARLY EXAMINATIONS FOR IMPROVEMENTS. 


There has been some criticism in regard to the adoption of a 
continuous canal for overcoming the obstructions in the river be- 
tween the foot of the Dalles Rapids and the head of Celilo Falls, 
but the following brief history of the earlier examinations and 
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prospects will show that every phase of the situation has been con- 
sidered, that most of the earlier projects were more or less tempo- 
rary in character and inadequate, and that a continuous canal is 
the best and cheapest method for overcoming the obstructions, and 
will meet all the requirements of navigation for many years. 

The earliest examination on record of this locality, was made in 
1874, under the direction of M. Michler, then Major, Corps of 
Engineers, U. S. A. It was then thought that Five Mile Rapids 
(The Dalles Rapids) could be made navigable for all stages of the 
river by the removal of the most dangerous rocks. Ten Mile Rapids 
was thought to be navigable at all stages; and that Celilo Falls 
could be passed by a canal and two locks. The north shore of the 
river was considered the better side for the canal and locks. f 

The Act of Congress of Mareh 3, 1879, required a survey: with 
plans and specifications for a canal and locks from Celilo to the 
foot of The Dalles Rapids. Surveys were made in the winter of 
1879-1880 and the following plans were considered : 


1. To earry the Celilo level by a canal, with a lock at upper end, 
to a flight of locks located near Big Eddy. 

2. With lift locks, as in plan 1, but to dam the river, making 
the overfall into Big Eddy. 

3. Open river improvement for all stages to Celilo Falls, and 
lockage for same at the falls. 

4. Open river improvement for lower stages to the foot of 
Celilo Falls during low and mean high water at the falls; open 
passage over the falls for higher stages; and lockage from medium 
to the highest stage at The Dalles Rapids. 


Plan 3, at an estimated cost of $7,674,495.51 was recommended. 
Nothing further was done in regard to the matter until 1892. 

The provisions of the River and Harbor Act of July 13, 1892, 
required a reexamination of the obstructions to navigation in the 
Columbia River from below Three Mile Rapids to the head of Ce- 
hlo Falls, and a Board of Engineers appointed for this purpose 
reported on same April 12, 1893. 

They considered the following methods for overcoming the ob- 
structions : 


1. By portage railroad from Celilo to below Three Mile Rapids. 
2. By a boat railway, the boats to be lifted by hydraulic power 
from the water on a car with wheels, which, upon arriving at the 
proper elevation, would be hauled by locomotives upon a railway 
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track to the other terminus and lowered by hydraulic power to the 
water below. 

3. By a canal. From previous data relating to a partial canal, 
the Board had concluded that a continuous canal, on account of its 
great cost, was inadmissible, and the funds available were expended 
on surveys and plans for a portage railway. An estimate was made, 
however, from the data at hand, which was favorable enough to 
modify the opinions of the Board. The proposed canal was _lo- 
cated on the Oregon shore, was designed to have a bottom width 
of 100 feet and a depth of 6 feet. The lock at Celilo was to have a 
lift of 20 feet at low water, thus raising the boat above ordinary 
floods. At Big Eddy, a height of 72 feet at low water was to be 
overcome by means of a hydraulhe lift carrying a caisson in which 
the boat remains afloat. Intermediate between Celilo and Big 
Eddy there were to be two locks with lifts of 15 feet each. The 
water supply for the canal was to be by a feeder, 13,000 feet in 
length, from the Des Chutes River. 

4. By a dam at the head of Five Mile or Dalles Rapids, to pond 
the water back to the foot of Celilo Falls. 

This plan was favorably considered by the Board. It would 
have required a short canal with locks at Celilo, and another canal 
with locks from the head of Five Mile Rapids to Big Eddy. As 
no data were available at that time, the Board made no recom- 
mendation but suggested that the necessary surveys be made so 
that the plan could later receive consideration as an alternative 
proposition. 

The recommendations of the Board of Engineers were for the 
construction of a standard gauge portage railroad from Celilo to 
The Dalles City, at an estimated cost of $454,390.00, and when the 
necessity should arise for greater accommodation than could be 
supplied by a portage railway, the construction of a canal located 
on the Oregon shore. 

In a letter dated May 29, 1893, Col. G. H. Mendell, Corps of En- 

gineers, U.S. A., recommended the construction of a boat railway 
from Celilo to Big Eddy. He also recommended the portage 
railway favored by the Board of Engineers’ report, but to be so 
aligned and constructed that for most of its length it would form 
a part of the boat railway to be constructed later. 
_ The River and Harbor Act of August, 1894, appropriated $100,- 
- 000 for a boat railway from the foot of The Dalles Rapids to the 
head of Celilo Falls, at an estimated cost of $2,264,467.00, includ- 
ing open river improvement of Three Mile Rapids. 
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Up to June 30, 1899, no actual construction work for a boat rail- 
way had been done, but most of the right of way had been secured. 
Capt. W. W. Harts, Corps of Engineers, then reported that the nav- 
igation interests preferred a portage railway or a canal and locks. 
As no appropriation had been made since 1896, the Secretary of - 
War decided to defer further action in the matter until Congress 
definitely decided the question of constructing a boat railway. 

The River and Harbor Act of June, 1900, called for an examina- 
tion of the river between the foot of The Dalles Rapids and the 
head of Celilo Falls, with a view to the construction of a canal and 
locks to overcome the obstructions to navigation. 


Captain Harts then proposed a plan calling for a canal and locks 
around Celilo Falls, open river improvement from the falls to the 
head of Five Mile Rapids, a submerged dam at the latter place de- 
signed to raise the low water surface 20 feet and drown out Ten 
Mile Rapids, a canal and locks from the submerged dam to the 
foot of Five Mile WARS and open river improvement of Three 
Mile Rapids. 

The proposed canals were to be 65 feet wide on the bottom with 
locks 300 feet in length and 54 feet wide at the gates, and providing 
for 7 feet of water over the miter sills. The total estimated cost 
of the above plan was $3,969,371.00. The Act of Congress dated 
June 13, 1902, approved the project of improving the river from 
the foot of The Dalles Rapids to the head of Celilo Falls in acecord- 
ance with Captain Hart’s plan, but provided that before entering 
upon the work an examination should be made by a Board of Engi- 
neers with a view to modifying the project so as to diminish the 
cost of the improvement. 

Detailed surveys made in 1903, under the direction of a Board 
of Knegineers, resulted in the recommendation of a continuous 
canal with four locks, located on the Oregon shore and extending 
from the head of Celilo Falls to the foot of The Dalles Rapids. 
The canal was to be 65 feet wide on the bottom with side slopes 
of 4 on 1 in rock sections, and a low water depth of 8 feet, with 
gravity walls and concrete lining in pervious sections. The locks 
were to be 40 feet in width and 250 feet in length between hollow 
quoins, with a depth of 7 feet on sills. There was to be one lock 
at Celilo, one at The Dalles Rapids, and a double lock at Big 
Eddy (foot of The Dalles Rapids). The total cost of the improve- 
ment, including open river improvement of Three Mile Rapids, 
“was estimated at $4,121,331.46. 
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The abcve plan was approved by the Secretary of War November 
6, 1903, with the proviso that no work should be begun until the 
right of way and release from damages were conveyed to the 
United States free of cost. 

The Oregon State Legislature appropriated $100,000 for the 
purchase of the necessary right of way and in April, 1905, deeded 
the same to the United States. 

The first contract for the project was let in 1904, and provided 
for the open river work at Three Mile Rapids. The second con- 
tract was for the construction of about 4% mile of the canal at 
Celilo, and was dated August 10, 1905. Actual construction on 
the canal began in October, 1905. 


ALIGNMENT OF CANAL CENTER LINE, 


The original center line of the canal upon which the Board’s 
estimate was based, had a total length of 45,300 feet, of which 
16,567 feet was on thirty-two curves. 

A more careful study of the ground resulted in a relocation of 
the center line having a length of 44,357 feet, with 7,838 feet on 
fourteen curves. Of the fourteen curves, eleven occur in passing 
and beat basins in which the canal trunk is twice or more its 
normal width, so that practically all of the curvature is elimi- 
nated. Where the curves cecur in the canal trunk the excavation 
has additional width to compensate for the curves. 

The final location of the canal was considerably affected by 
the limits of the right of way wnich had been secured for the 
original alignment and by the existence of the O. R. & N. railroad 
grade cn the south side of the canal line. The main obstacle to 
the canal relocation was the proviso in the Act of Congress that the 
right cf way must be furnished without cost to the United States. 
The relocation required about 78 acres outside of the right of way 
acauired for the original location and to obtain the additional right 
of wey it was necessary to have the owners of the adjacent lands 
agree to exchange some of their land for the canal right of way 
lands. The negotiations covered a period of five years, during 
which time one property holder along the canal line acquired all 
the lands necessary for the new location of canal center line for 
which he accepted an equal area of lands, acquired for boat rail- 
way and canal. The new right of way was thus acquired without 
ecst to the United States other than that incurred for abstract of 
title, all cther work being done as a part of the regular routine of 
the engineering force. It is one of the few instances where the 
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United States did not pay dearly for something it needed badly. 
The following table shows the comparative curvature of the two 
alignments : 


COMPARATIVE CURVATURE OF CENTER LINE. 


Original Location. 
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Perm Mature, In wleeb — 0... es _ Sele eee ee, 16,567 
Final Location. 
eee nd A Radius, feet. oe rs Remarks. 
l 2 2,865.0 7793" \ Ins Canale oi ke 
10 3 1,910.0 179°01' | 3 eurves in boat basins at lock. 6 
curves in passing basins. Canal 
trunk, where curves occur, has ad- 
ditional width to compensate for 
curvature. 
1 4 13432.0 93°03} ln Scanaioeutn. 
2 6 955.0 54°51’ | 1 curve in Celilo Basin; 1 curve 
west end Celilo Lock. 
US. SE SS el eae 264° 23/7 
SUMMARY. 
eemerep Ot CUTVYoS 2. he a 14 
SIR Tere rps ts ey ee ae eee 264°237 
Curvature in canal trunk___« pene ceaears ON a OO 1,469 
SeererOri ih Doan DASING: =. ou. ae a eee Feet_ 6,364 
Total curvature____ Se eee ae Feet T8335 


Total length of canal, 44,347 feet. 





While the final location of the canal center line reduced its length 
by 943 feet, it did not really increase the total necessary excavation 
when it is considered that the present alignment has ten passing 
basins, including the large basins provided at the various locks 
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where the original plans provided for only six basins, located on 
tangents, with no provision for widening the canal excavation at 
the thirty-two curves. The straightening of the center line, while 
it threw the canal into deeper excavation, decreased the amount of 
masonry to a considerable extent, so that the total cost of the canal 
along the new alignment was actually less than along the original 
line and has the further advantage of being farther from the river 


and less exposed to the action of the freshets. 
The following table gives the comparative quantities of exca- 


vations for the two alignments: 























} Original location. Final location. 
Material. Estimate 1903. | Estimate 1908. 

Cubic yards. "Cubic yards. 
Dry stock excavation. 242.522, ee oe ee 1,080,000 1,140,000 
Sub-aqueous rock excavation.) 4 ae ee 1,900 1,900 
Gravel-or sand) excavation bos ae ee ee ees 840 , 000 998 , 000 
Sub-aqueous gravel excavation 2.2uesseeue. ec cee 10, 000 8 ,000 
Rubble or concrete masonry 3228 ee eee 347, 147* 143 ,600 
Concrete, ‘reinforcéds : {aes ea ee Fea 98 , 000 








No reinforced concrete was specified for thin conerete linings in 
the original plan, while all such in the plans of 1908 are to be 
reinforced with steel rods. No land walls were estimated for in 
the original project but are included in the 1908 estimate for 
masonry. This estimate also includes masonry for an additional 
lock at Ten Mile Rapids. 


CANAL TRUNK. 


The original plan provided for a canal taking its water supply 
from the pool above Celilo Falls with a lock near the entrance, a 
pool 614 miles long to Five Mile Rapids, a 10-foot drop, with a 
lock at this point, a second pool of about 144 miles in length, and 
a drop of 70 feet into the Columbia River at Big Eddy (the foot 
of Dalles Rapids), with a tandem lock each with a lift of 35 feet. 
The low water level of the pool above Celilo Falls fixes the low 
water level of the Celilo Lock and the pool between Celilo and 
Five Mile Locks, the Celilo Lock being kept open until the river 
reaches a 5-fcoot stage, during which time all lockage is done at 
Five Mile and Tandem Locks. The height of the lock gates and 
lock walls are determined from the condition that the canal must 
pass boats until the river rises to a point where navigation at the 
Cascade Locks, 45 miles below, is suspended. The height of the 


“Does not include sub-foundations for proposed gravity walls on sand and gravel 
foundations. 
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retaining walls and embankments of the canal trunk between 
locks is determined from. the condition that they must exclude 
the river water until navigation is suspended at Cascade Locks. 
As a matter of fact, the river walls will have a slope parallel to 
but 2 feet higher than the river slope at the limiting stage. 

When the survey for the original plans was made, the profile of 
the water surface from Celilo to Big Eddy at the limiting stage 
was determined during a falling river. However, upon further in- 
vestigation it was found that the water surface between Celilo and 
the head of Ten Mile Rapids was about 2 feet higher during a rising 
river than during a falling river, with Celilo gauge readings remain- 
ing the same. After several years of gauge reading, a satisfactory 
profile was obtained and the tops of the walls made to conform with 
the same. In order to regulate the ‘‘drowning out’’ of the canal, 
and to avoid overfalls on the walls and swift currents in the canal, 
openings were left in the river walls, the bottoms of the openings 
being at the elevation of the surface of the river at the limiting 
stage. As soon as the river reaches the limiting stage it will begin 
to flow into the canal and fill the same before the river flows over 
the tops of the walls and embankments. 

According to the original plans it was intended to plan Celilo 
Lock in solid rock close to the canal entrance at Celilo and to use 
the depression just west of the lock location for a boat basin, to 
be formed by means of a gravity wall on the river side and the 
natural rock surface on the land side. This wall was to be a 
gravity section about 53 feet in height, constructed of rubble 
masonry. It was found that the surface material on the site of 
the proposed wall was, for a greater part of the distance, boulders 
and cement gravel of such depth as to require deep excavation 
below low water or that means to cut off the flow of water under 
the wall would have to be provided. It was therefore decided 
to cross the depression, which was about 25 feet below canal bottom 
orade, by means of some type of aqueduct having an impervious 
lining. 

After careful study it was decided to fill in the depression with 
rock, gravel and sand to the underside of a canal floor lining at 
grade, and form the river side with a wall having an embankment 
on its river side. The embankment has its toe over 100 feet from 
the foundation of the river wall, with a slope of 1 on 8, and heavily 
riprapped to prevent any possibility of the river’s undermining 
the wall. As constructed, the wall is a gravity section from its top 
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to a point 3 feet below the top of the floor. . Below this point the 
wall sets on a hollow block foundation, the blocks being filled with 
sand and gravel deposited in water to facilitate settlement. 

While considering the above method for crossing the depression 
it was found that the floor of this aqueduct would be subjected to 
an upward water pressure due to a ‘head of 12 feet when the water 
in the canal below Celilo Lock was at its highest level and to an 
upward pressure due to a head of 26 feet should the pool, below 
Celilo Lock, be emptied by accident. By locating the lock in rock 
at the downstream end of the depression, the water over the floor 
would at all times have the same elevation as the upper river and 
_the upward pressure would be overcome. The lock was therefore 
located about 14 mile below the canal entrance and the river wall 
above the lock moved toward the river, thus forming a large boat 
basin, which will accommodate several boats while awaiting lockage 
downstream. At the entrance to the canal a pair of guard gates 
with filling valves will shut out the river, while the lower end of 
the boat basin and the lock are connected to the river by a tunnel 
through solid rock. In this.way repairs to the canal basin and 
lock can be easily made, during low water stages, by closing. the 
guard gates and draining the basin and lock. 

For 6,800 feet below Celilo Lock the canal is in solid rock exea- 
vation, the surface of which for the greater part of the distance 
is below the level of the limiting stage of high water navigation, 
the river water being excluded up to that stage by means of a 
concrete wall. As before stated, openings in the river wall, at 
convenient points, with their bottoms at the limiting stage of navi- 
gation, permit the river water to enter the canal and fill it before 
the river tops the wall. These openings will also regulate the 
extreme height of water in the canal. 

Below the rock section, for a distance of 6,300 feet downstream, 
the canal passes through a gravel bar with a sand bar at its lower 
end. The depth of the sand is 80 feet below canal grade at its lower 
end. The original plan provided for gravity side walls with a floor 
of plain concrete 12 inches thick to form the canal section in sand 
and gravel. The floor to be protected against upward pressure 
by means of valves in the floor. 3 

Upon investigation of the upward pressure in this stretch 
of canal, it was found that at the limit of navigation the 
river water would be from 614 to 8 feet higher than the 
water in the canal pool below Celilo Lock, and that the concrete 
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floor would therefore be subjected to an upward pressure due to 
the difference in water levels. As the river rose and topped the 
walls, there would be an overfall into the canal unless provision 
was made to quickly fill the pool by means of connection with the 
river before the latter topped the walls. It was therefore decided 
to raise the water level of the pool in the canal between Celilo 
Lock and the head of Ten Mile Rapids, during the high water 
stages, by means of a lock located at the head of Ten Mile Rapids. 
This lock will begin service as soon as the river above Celilo Falls 
reaches a 5:foot stage and will keep the water in the pool below 
Celilo Lock at the same or higher elevation than the river water 
and as the river rises the canal water will rise with it, thus elimi- 
nating all upward. pressure. When the two waters rise and meet 
at the weir levels, 2 feet below the tops of the walls, the canal will 
form a part of the river and be ‘‘drowned out’’ without danger 
to the walls or embankments. 


The introduction of a lock at Ten Mile Rapids effected 
a great saving in the cost of overcoming the upward pressure 
on the canal floor, since making the floor strong enough 
to resist the upward pressure would have cost many times 
the cost of the lock, because the lock, on account of its location in 
solid rock, requires only two pairs of gates and a small amount of 
concrete work, part of the cost of which is compensated for by the 
less width of excavation required for a lock than for an equal 
length of canal. This lock will have a width of 50 feet to afford 
éasy passage for boats when the lock is not in use. 


The gravity walls formerly contemplated in sand and gravel sec- 
tions would have required very expensive subfoundations on account 
of the depth of sand and gravel for a distance of 6,300 feet. It was 
therefore decided to form the canal prism by means of embank- 
ments above the natural ground surface and cover the waterway, 
up to 2 feet above the limit of navigation, with a reinforced con- 
erete slope lining 12 inches in thickness. The canal prism in 
pervious ground to have side slopes of 1 on 2. There is now no 
danger of damage to the concrete lining by upward pressure. The 
cost of the concrete lined embankments is only a fraction of the cost 
of gravity walls and expensive foundations for same in sand of 
depths up to 82 feet. The cost of the embankments, except for 
the concrete lining, is negligible, being absorbed in the cost of haul- 
ing the excavated material from the excavations, more than one-half 
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of which would probably have been hauled for back-filling gravity 
walls had the latter been built. 

From the west end of Ten Mile Lock for a distance of 7,000 feet 
the canal prism is in solid rock excavation and presents no special 
features, but in this stretch of canal the rock surface, for a mile 
in length, and from the river to the bluffs, is covered with shifting 
sand dunes, the treatment of which will be mentioned later. 

Where the surface of the rock is below the limiting stage of 
navigation, the river side of the canal will have a concrete wall, 
the top of which will be about 2 feet above the limiting stage of 
navigation and have openings to control the ‘‘drowning out’’ of the 
canal. | 

Below the above-mentioned rock section, for a distance of about 
11,000 feet, the canal passes through gravel bars with rock reefs 
across the same, so that in places the canal section will be in rock. 
The ground surface for most of this distance is below the level 
of high water in the canal and embankments will be used to form 
the canal section above the natural surface of the ground. A re- 
inforeed conerete lining will be used where the canal is in sand and 
gravel. 

To control the flood waters and regulate the water level in the 
pool below Ten Mile Lock, a number of openings are to be left 
in the river wall. 

The sand bar ends at the head of Five Mile Rapids, where the 
canal enters solid rock and remains in rock exeavation to the west- 
ern terminus of the canal at Big Eddy, 9,000 feet distant. 

The original plan had the location of the Five Mile Lock about 
2,000 feet below the head of Five Mile Rapids. This location would 
have exposed the gates to an overfall of 14 feet during the high 
water stages, due to the river passing through the canal excavation 
at the head of Five Mile Rapids. The location of Five Mile Lock 
was therefore changed to the high rock reef at the head of the 
rapids, and the upper gate made high enough to exclude even the 
maximum flood of 1894. While the new location increased the 
amount of rock excavation on account of extending the lower pool 
eastward, the less amount of concrete necessary for the lock in its 
new location quite balances the cost. The new location of the lock, 
in addition to eliminating the danger to the lock from floods 
pouring over it, gave a longer pool between Five Mile Lock and 
Tandem Locks at Big Eddy, thereby providing a greater storage 
_ basin for water for lockage at Big Eddy. It was estimated that at 
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Fig. 6 Typical cross sections of canal walls and floors in sand and gravel, 
as adopted originally by Board of Engineers. Disposition of excavated ma- 
terial not shown. 
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low water the passage of several boats at Big Eddy would lower this 
pool faster than it could be supplied from the pool above Five Mile 
Lock, and that boats in the pool would ground on account of lack of 
depth of water, but the increased length of pool and the several 
large boat basins placed in the pool, in the revised project, will 
provide sufficient storage, so that several boats can be locked through 
Tandem Locks in a short length of time without lowering the pool 
sufficiently to interfere with navigation. The flood water level in 
the pool between Five Mile Lock and Tandem Locks is regulated 
by means of openings in the river wall just as in the upper pools of 
the canal. The water level in the pools between the various locks 
will be maintained at all times, except during floods, by means of 
culverts around the locks. 


LOCKS. 


The original plans had locks having 40 feet width at the gates 
and 250 feet between hollow quoins. These dimensions were changed 
to a width of 45 feet and a length of 300 feet between hollow quoins 
to allow the passage of large-sized river steamboats. The length of 
the locks where there is a lft wall, as in the lower one of the 
tandem locks, is 310 feet between hollow quoins, to make all of the 
lock chambers of equal capacity. The depth of 7 feet on the sills 
was not changed. 

The original plans contemplated an excavation in the solid rock 
large enough to permit the construction of gravity side walls, which 
contained, in the case of the tandem locks at Big Eddy, the filling 
culverts and in the case of the other locks, culverts used to maintain 
the water level in the pools below Celilo Lock. The plans were 
modified so that the lock chamber is formed by the excavation in 
solid rock, wide enough to allow for a concrete face wall to cover 
the rough rock surface. This face wall or lining has a minimum 
thickness of 18 inches and maximum thickness of 3 feet, and is to 
be securely anchored to the rock surface by means of steel rods let 
into the solid rock. The side walls of the lock chambers will have a 
batter of 24 on 1, and this, in addition to the support given by the 
rough surface of rock, will add to the stability of the wall. To 
avoid outward pressure from water which might get between the 
wall and the rock surface, the ining wall will be thoroughly drained 
by means of drain tile through the wall. 

The filling culverts for the Tandem Locks at Big Eddy and the 
culverts around the locks at Celilo, Ten Mile Lock and Five Mile 
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Lock, to maintain the water levels in the pools, will be formed by 
tunnels in solid rock parallel to the lock chambers. The tunnels 
on each side of the Tandem Locks at Big Eddy are to be 5 by 7 
feet and are connected with the lock chambers by means of seven 
filling ports, each 3 feet in diameter. Where the rock is unsound, 
the excavations for the culverts will be made large enough to permit 
a conerete lining, but where sound rock is found no lining will 
be used, the loss of head due to friction being compensated for by 
the increased size of the culvert, thereby giving the same flow as a 
lined culvert of smaller dimensions. Celilo and Ten Mile Locks 
will be filled and emptied through the lock gates. Five Mile Lock 
will be filled by means of a culvert having six ports through the 
lift wall and controlled by two cylindrical valves, each 6 feet in 
diameter. 


LOCK GATES. 


The gates for all of the locks (a total of eleven pairs of gates, 
including two pairs of guard gates) will be of the horizontally 
framed girder, double leaf, mitering type, constructed of steel. A 
minimum thickness of 8¢-inch metal will be used to allow for de- 
terioration and wear. The rise of sill will be one-fifth of the span. 

The girders will have parallel flanges, as the length of the 
gates is relatively small (27 feet), and the economy in weight by 
reducing the width at the ends would be offset by the cost of so 
doing. cay 

The depth of the gates (3 feet) was determined for the highest 
gates, and all of the gates were made the same depth to simplify 
the shop work. 

From the top of the gate downward the girders were proportioned 
for a water pressure load equal to that due to a load of one-third 
of the total head on the gate until a point about one-third the 
height of the gates was reached, to provide for loads due to gate 
contact at the sill. Below this point the girders were proportioned 
according to their depth below high water surface, to be safe in 
ease the support at the sill should fail. In proportioning the 
cirders the support of the lower pool was neglected, for it is pos- 
sible for this support to fail. 

A fiber stress of 10,000 pounds per square inch for compression 
and 12,000 pounds per square inch for tension was used in the 
computations. The web plates have a minimum thickness of %% 
inch and are stiffened where necessary. The bottom girder of all 
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gates is reduced in width (to allow the gate to overlap the miter sill) 
so that the weight of the gate is about equal to the upward water 
pressure on the bottom girder. . 

There are two vertical diaphragms in each leaf. They were not 
designed to carry any of the load, but to stiffen the whole structure. 

The sheathing consists of flat plates with a minimum thickness 
of 3 inch. The sheathing has the same thickness throughout each 
leaf, it being considered an advantage to have a uniform thickness 
of sheathing to avoid fillers where such thickness changes. The 
thickness of the sheathing was determined for the lowest panels 
in a leaf and the spacing of the girders determined from the sheath- 
ing thickness. 

The spacing of girders, especially in the top part of the gates, 
was kept the same as far as possible for all gates to avoid too many 
different sizes of plates and details. 

The quoin and miter posts are formed by a vertical plate ineclos- 
ing the ends of the girders, to which is bolted a strong steel casting 
to form the meeting faces. 

To obtain a perfect fitting between the quoin bearing piece and 
the bearing plate of the hollow quoin, provision has been made to 
bolt the hollow quoin bearing plates to the quoin plate and leave 
a recess in the concrete work of the hollow quoin to be filled in after 
the gate is in place. To secure perfect fitting at the miter, the 
miter post bearing pieces have a vertical slot, in which is placed a 
loose steel plate that can be moved horizontally by means of bolts. 
When the gates are in place the loose pieces can be brought in 
contact and the space behind them filled with babbitt metal. The 
miter and quoin meeting faces are slightly curved to avoid ‘‘nip- 
ping’’ at the edges. 

The gate pivot is a steel forging with a spherical top set in a east 
steel base imbedded in the concrete floor. <A steel casting which 
holds a bronze bushing that fits the pivot is bolted to the bottom of 
the gate. The pivots for all gates are of the same size. 

The upper hinge is the same for all gates. It consists of a steel 
pin securely fastened to the top of the gate and a cast steel collar 
bushed with brass. 

The gate anchorages are the same for all gates and consist of 
two steel eye bars attached to the upper hinge collar, from which 
they extend back into the masonry to a frame work of steel beams 
imbedded in the concrete. In order to simplify the setting of the 
anchorages, the framework is made rectangular and will set hori- 
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zontally. A recess will be left in the concrete at the proper eleva- 
tion to be filled in after the gates are set. Provision has been made 
for adjusting the anchor bars. 

The miter sill contact is made by a flat steel plate bolted to the 
bottom girder of the gate, and a casting, having a horizontal slot 
to receive a timber bearing piece bolted to the miter sill. 

The Celilo lock gates, Ten Mile lock gates, and the lower gate of 
Five Mile Lock are fitted with butterfly valves for filling and 
emptying the lock chambers. The valves are constructed of steel 
with cast-iron journals and will be operated from a foot-bridge on 
top of the gates by means of levers and rods. 

The details of all of the gates will be, as far as possible, made the 
same, to enable the contractor to use the same patterns and templets 
for all similar parts of the different gates. 


The design of the gates is based on data obtained from ‘‘Miter- - 


ing Lock Gates,’’ by Col. H. H. Hodges, Report of Board of Engi- 
neers for the Deep Waterways and other engineering works. 


WATER POWER. 


While the original plans did not contemplate electric or water 
power for the lighting and operation of the canal, a power site has 
been selected near the head of Five Mile Rapids, where a minimum 
head of about 14 feet can be obtained at high water and a maximum 
head of about 46 feet at low water in the river. A second power 
site was selected at Big Eddy where, at ordinary high water, a head 
of about 18 feet can be obtained, but for an extreme flood there 
would be no head; at low water a head of 70 feet can be obtained 
by means of a tunnel and shaft in solid rock. The amount of 
power that can be developed at these sites will depend upon the 
quantity of water that can be taken from the pool above Five Mile 
Locks without affecting navigation. 


OPERATION OF CANAL, ETC. 


Power boats will navigate the canal under their own power, and 
in order to facilitate the passage of boats going in opposite diree- 
tions it is probable that an electrically operated system of sema- 
phore signals will be used at the passing basins. 

The canal terminals at Celilo and Big Eddy will have a landing 
place in the river at the entrance to the canal. At Celilo a direct- 
connection with the railroads and wagon roads is possible by means 
of an inclined roadway or track. At Big Eddy the trans-con- 
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tinental tracks are over 100 feet above the low water of the river 
and a direct connection with the boat landing would be difficult 
and unnecessary, for there will be no occasion to transfer freight 
from boat to rail or wagon at that point. 

It is estimated that the canal will be in operation at least ten 
months annually. From the records of river readings it appears for 
a period of twenty-six years the river was above the limiting stage 
of navigation an average of twenty days annually, with a maximum 
of sixty-six days in 1880. During the twenty-six years it failed to 
reach the limit of navigation eight times. 

The navigation of the river is likely to be suspended by ice during 
the winter months. Ice blockades generally occur in January and 
do not usually cover a period of more than three weeks. During 
the ice period the river is generally at a very low stage and naviga- 
tion on the Snake River is usually suspended on account of low 
water, and navigation is then lmited to the Columbia River be- 
tween Celilo and Priest Rapids. 

It is estimated that about two hours and fifty minutes will be re- 
quired for the passage of a steamboat through the canal, moving at 
the rate of 4 miles per hour through the pools. 


CANAL CONSTRUCTION WORK. 


The first work in connection with the construction of the canal 
was the open river improvement of Three Mile Rapids about 1 mile 
below the canal entrance. To date there has been removed about 
64,300 ecubie yards of solid rock reefs and shore line, resulting in a 
channel with a least depth of 10 feet at low water and a minimum 
width of 200 feet. This work has been of great benefit to naviga- 
tion through Three Mile Rapids. 

The first canal construction work was begun in October, 1905, 
on a contract for the construction of 14 mile of canal at the upper 
entrance near Celilo. This contract, owing to the manner in which 
the contractors conducted the work, was not completed until May, 
1910, although the time limit was January 1, 1907. Several ex- 
tensions were granted to the contractors, who were required to pay 
the costs of inspection. 

The second contract was let in September, 1908, for 14,000 feet 
of canal, with the exception of the concrete lining. The contractors 
finished the work within the specified time. About 20 per cent of 
the entire canal work was included in the above contract. 
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HIRED LABOR WORK. 


Canal construction under the contract system was hardly satis- 
factory, and confined the construction work to such sections of the 
eanal where the work could be completed for a sum within the 
amount of funds available, so that no unfinished work would be ¢ ex- 
posed to the river freshets. 


The River and Harbor Act of June 25, 1910, appropriated 
$600,000 for continuing the work of canal construction with a view 
to completion within a period of six years, and it was decided to 
complete the canal work by hired labor. . 


The work remaining that could be done by hired labor was the 
construction of about 5 1-3 miles of canal (from the lower entrance 
at Big Eddy to Station 283), the completion of canal section from 
Station 294 to 263 by placing the reinforced concrete lining, the 
construction and installation of all lock gates, and the excavation 
for and construction of the canal entrance at Celilo. The quanti- 
ties of excavation and masonry work to be done after the completion 
of the contracts was estimated to be as follows: 





Selid. rock ‘excavationc. “2: 870,000 cubie yards 
pand -ex¢ayahion-— ste, ee oe ee eee 400,000 eubie yards 
Common” excavation 232 eee 500,000 cubie yards 
Concrete, aan eS ee 150,000 cubie yards 


In July, 1910, under authority of the Chief of Engineers, con- 
struction by hired labor was begun at the west or lower end of the 
eanal. The work at first was rock excavation for the Tandem 
Locks at Big Eddy. Awaiting the arrival of the plant ordered, 
the work was carried on with such plant as could be obtained in 
the district. A few locomotives, derricks, and some tools were ob- 
tained from Coos Bay, and some from Cascade Locks—all old plant 
which had been stored for years but was still serviceable. 

Camp construction began at once and by December, 1910, two 
camps were in use and most of the buildings at headquarters, Big 
Eddy, were erected. By April, 1911, there were three camps fully 
equipped for work and approximately 600 men at work on the 
hired labor section. 

Many of the buildings constructed for use during the hired labor 
work are permanent buildings to be used as headquarters, lock 
keepers’ quarters, shops, ete., after the completion of the canal. 





THE DALLES-CELILO CANAL 495 





Fig. 8 (upper). Completed rock section showing regulating weir to let flood 
waters into the canal before a general overflow. View taken with high 
water in river, about % mile below (west) of Celilo Lock. 

Fig. 9 (lower). Completed section of canal, looking from canal lock wall 
upstream into the Celilo boat basin. Flood weir and tunnel entrance at left 
side of wall. 
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The plant in use by the hired labor force is as follows: 


Three 60-ton steam shovels with 2-yard dippers. 

One 40-ton steam shovel with 14-yard dipper. 

One 130-ton land dredge with 11-yard dipper, a dumping radius of 65 feet, 
and a lift of 35 feet above rail. 

Fifteen locomotives, 10 to 17-ton. 

One hundred and seven 4-yard dump ears. 

Thirty-six small dump cars for concrete work. 

One rock-crushing plant complete. 

One sand-grinding plant. 

Two concrete-mixing plants. 

Three air-compressor plants. 

Thirty steam or air drills. 

Nine derricks, complete with engine and boiler. 

One electric-lighting plant. 

Two deep wells, complete with pumping plant. 

Thirty-one horses with wagons and scraper outfit. 

Five extra boilers for steam drills and a complete machine, carpenter, a, 
blacksmith shop for maintaining the above plant. 


The sand grinding plant is run in connection with the rock 
erushing plant. The large rock is crushed to product, so that 
about 80 per cent will pass through a 214-inch screen and the re- 
jections from this screen are fed to a pulverizing machine which 
consists of a large number of steel hammers attached to a shaft by 
means of several links of strong chain. The shaft revolves at a rate 
of about 600 revolutions per minute, and the rock is pulverized by 
the hammers on a steel plate. About 70 per cent of the product of 
this machine will pass a 14-inch sereen and the remaining 30 per 
cent is passed through a set of crushing rolls. All the machinery 
for crushing the rock, grinding the sand, running the conerete plant 
and elevators is connected with one central boiler and one engine 
runs the several machines. The cost of the sand is small compared 
to the sand obtained from sand pits 100 miles distant and the 
quality is superior. The concrete plant is so arranged that the 
sand and broken stone is elevated from crushers into bins, fed 
into cars by gravity, and hauled up an incline to hoppers over 
the conerete mixer. The cement is stored in the warehouse along- 
side of the mixer house, and is elevated by means of an elevator 
to a platform above the mixer. 

The mixed concrete is fed into V-shaped dump ears, on a track 
below the mixer, and these cars are hauled to the forms by loco- 
motives. The longest haul from concrete mixer to forms was 7,000 
feet and, as only a few minutes are necessary to make the run, the 
econerete arrived in good shape. ‘The concrete is mixed rather dry, 
so that it will not settle into the cars enough to stick, and a small 
quantity of water is added to the mixture when it is dumped into 





THE DALLES-CELILO CANAL 407 





Fig. 10 (upper). Canal section in gravel showing paved slopes (both edges of 
picture) ready for concrete. 

Fig. 11 (lower). Land dredge at work between stations 160 and 210, about 
half-way ketween Five and Ten Mile rapids. Note embankments being 
made with the excavated gravel. Dredge has 65-foot dumping radius and 

- 35-foot lift above rail. Two-yard dipper used. 
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the bins from which it is fed into the push cars which take the 
concrete to the form in use. Various mixtures of concrete are 
used, depending mostly upon the quality of sand used. The usual 
mixture for the hired labor work is 1:3 :61/. 

Broken stone has been used exclusively on the hired labor work 
on account of its availability. The rock from excavations is loaded 
into ears by steam shovels and derricks, and is delivered to crushers 
without rehandling. There are extensive gravel bars along the 
line of the canal, but, while some gravel has been used for concrete, 
it is very probable that only broken stone will be used for concrete 
in the future, on account of the ease with which it is obtained from 
excavations with generally but little greater haul than to the dumps, 


No concrete work in the locks has yet been done by hired labor. ~ 


The conerete work has been that of constructing canal trunk walls. 
These were built in blocks of from 20 to 40 feet in length, depend- 
ing on the height of the wall. Alternate blocks are placed and the 
space between them filled when the first blocks have set. The stud- 


ding and lagging are set up for a continuous form and bulkheads — 


placed where desired. The joints between the blocks are marked — 
by a V-shaped strip. No separate facing is put on the finished side, 
the coarse aggregate being spaded back from the frames for that 
purpose. Rock excavation is done by blasting and removal of © 
shattered rock by means of derricks and steam shovels. In the 
deep lock excavations derricks are used and for canal trunk steam 
shovels are in use. The rock excavations are roughly made by — 
heavy blasts and steam shovel or derricks, and then the excavation 
is widened to prescribed lines by means of light blasts, using pneu- — 
matic hammer drills for drilling the blast holes. 

Where the canal is in gravel the excavation is made by a 130-ton — 
land dredge, which has a 114-eubie yard dipper, a dumping radius — 
of 65 feet and a dumping lift of 35 feet above the rail. The dredge 
excavates one-half the canal section without lateral shifting’ of 
track and works ahead for a long stretch, after which it is backed 
up and takes out the remaining half of the excavation. The long 
boom enables the dredge to build the embankments for the canal, — 
generally without the use of cars to haul the material. In eases 
where it is necessary to haul some of the excavated material, the 
dredge can load the cars on top of the embankments, thus elimi- 
nating the long haul up steep grades from the bottom of the exca- — 
vation. It is estimated that the use of this land dredge has re ~ 
duced the cost of gravel excavation in this canal work one-half. 
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Fig. 12 (upper). Excavation for tandem locks flooded during nizh v.ater in 
the Columbia. 

Fig. 13 (lower). Completed canal section looking east from boat basin near 
Big Eddy, only a short distance from lower edge of upper figure. 
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Control of the sand dunes has been one of the problems in rail- 
read operation through this section of the country, the railroads 
contenting themselves with sand fences, which are effective so long 
as the wind blows from one direction. However, crude oil is now 
being experimented with. Along this portion of the river the wind 
usually blows upstream and the sand fences are set accordingly, 
although a strong East wind, which usually occurs during the 
winter months, will, if the sand is dry, completely stop railroad 
operations in a few hours. The sand dunes along the canal line 
are being leveled off and covered with rock from excavation, which 
will effectually stop their movement. The possibility of increased 
sand deposit by high water will only occur during the very highest 
freshets, as 1t 1s proposed to make the river embankments high 
enough to exclude all but the highest freshets. The deposits of 
sand by the lower high waters can be controlled before it reaches 
the canal embankments. The deposit of sand by very high floods 
is not to be feared so much as that during moderate freshets, for, 
during extreme high stages, the slope of river in the vicinity of 
sand deposits alone the canal is very flat and will not carry very 
much deposit. The most troublesome shifting sand along the 
canal is that which has been deposited by ordinary floods and later 
blown to high ground out of reach of the floods. 

It is also proposed to control the sands to windward of the canal 
by planting willows, grasses, and grains, as has been successfully 
done in many places along the river. 


ORGANIZATION OF HIRED LABOR FORCES. 


The administration of the affairs for the field work of the hired 
labor forces is carried on at canal headquarters building at Big 
Eddy under the direction of Capt. H. H. Robert, Corps of Engi- 
neers. The force consists of one assistant engineer, two junior 
engineers, two surveyors, who also act as draftsmen, a mechanical 
draftsman, one chief clerk, a cost-keeping accountant, one stenog- 
rapher, one head timekeeper, a cement tester, a general storekeeper. 
The hired labor forces consist of two complete camps with a super- 
intendent in charge of each camp, and the necessary overseers, 
timekeepers, cooks, ete. The superintendents have charge of the 
eamps and construction work and report to headquarters, from 
which all orders are issued and all accounts are kept. 

In order to keep an accurate account of the cost of the work, a 
cost system was begun as soon as the hired labor work was started, 
and was afterwards elaborated to meet the demands of the more ex- 
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Fig. 14 (upper). Trestle for forms for river concrete wall construction sta- 
tions 260-270, near and parallel to Ten Mile Rapids. 

Fig. 15 (lower). Completed section of canal, looking west from station 410, 
about % mile west of Celilo Lock. 
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tensive work. At first the cost accounts were made up from the 
foreman’s daily report of labor and material used, but later a cost 
system similar to that in use by the United States Reclamation 
Service was adopted. In this system every employee and every item 
of work is given a number, and a careful account is kept of the cost 
of each item of work for material and labor. This necessitates 
triplicate requisitions for all materials and supplies, so that the 
record of the amount issued and of that delivered can be kept, also 
careful inventories of supplies on hand and of that used must be 
kept. A careful record of each employe’s time is kept and the 
nature of his work during each one-fourth day, so that the same 
ean be charged to the proper item. At the end of each calendar 
month the data is compiled, which results in the unit cost of each 
class of work and each item relating to that class. The accuracy of 
the unit cost depends entirely upon the amount of care taken in 
distributing the eost of the material and labor to each particular 
item, and what credits are allowed for the material on hand. The 
unit prices, for different pieces of work will vary from month to 
month, depending much on the manner of distributing the cost, as 
material charged near the end of one month may not be used until 
the following month, and unless credit be given for the material on 
hand the first month will show a high unit cost and the following 
month a correspondingly low unit cost. The actual unit cost of 
doing any one piece of excavation or concrete work can not be de- 
termined until the work is finished, but the monthly unit cost will 
serve as a guide for future work. 

The laboratory work has been confined principally to the testing 
of cements and mortars, but it is the intent to install apparatus for 
making all necessary tests of materials used on the work. The prog- 
ress of the hired labor work has been excellent and the results satis- 
factory, as there is opportunity to make minor changes of the plans 
which will result in a saving of cost without considering the effect it 
would have on a contract with definite plans and specifications. 
Heretofore, while all of the contract work was let on a unit 
price for different classifications, any desired change which would 
result in economy for the United States would meet with a protest 
on the part of the contractors if it did not meet with their approval. 

On account of lack of sufficient funds to carry on the work, it 
was necessary, about October 1, 1911, to reduce the working force 
to such an extent that the plant was not worked to its full capacity 
and forces were reduced month by month so that by June 1, 1912, 
the work was closed down, awaiting further appropriations of 
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funds. Work did not resume until after the passing of the River 
and Harbor Bill, approved July 26, 1912. 

The following table shows the progress of the canal work by 
eontract and hired labor since the beginning of the canal construc- 
tion work to the close of the calendar year ending December 31, 
1912. 


Total quantities of material removed by contract and hired labor. 











| Contractors | Contractors 
Material moved and placed, etc. | Smyth & Jones. | Caughren, Win-; Hired labor. Total to Decem- 
ESumonthe: ters, Smith & Co. 30 months. ber 31, 1912. 
| 31 months. 

Cubic yards. | Cubic yards. Cubic yards. Cubic ah 
Solid rock excavation_____ 70,836 360 , 019 513 , 560 944,415 
Sand excavation __.._.__. : 9,156. 340, 261 3/5 4255 724,702 
Common excavation _..____ | 35,644 176,953 268 , 470 481,067 
LOR Rp ee a | 53,356 15,928 OM Ret Se 77,018 
on | 6,314 re ge-4 4 3,740 19,009 

Linear Linear. Linear. 
CN ped Ce NU) ete ee > shed Se, 1,631 




















Smyth and Jones began work in October, 1905, and finished February, 1910. 

Caughren, Winters, Smith & Co. began work in November, 1908, and finished 
May 30, 1911. 

Hired labor work began in July, 1910. 

On January 1, 1913, it was estimated that 60 per cent of the construction 
work had been completed. 


It was estimated that, if sufficient funds were available, the canal 
eould have been opened to navigation about January 1, 1914, but 
owing to the lack of funds necessary to earry on the work at a 
maximum rate during the past fiscal year, the opening of the canal, 
should there be no further delay in securing necessary funds, will 
take place during the fall of 1914, or not later than January 1, 1915. 

The opening of the canal to navigation may not affect the existing 
railroad rates to up-river points for the reason that since the instal- 
lation of the State Portage Railroad to Celilo and the steamers put 
on the river by the Open River Association, the railroads have 
several times reduced the freight rates to points above the Dalles; 
with the canal in operation there will be opportunity for competi- 
tion, but until the commercial resources of the country tributary to 
the river are developed it is doubtful if the commerce on the river 
will attract competition. 

There are now only two steamers operating on the river above 
Celilo in connection with the Portage Railroad, and it is understood 
that these boats are operated at a loss, but as this company is com- 
posed of business men, of Portland and the inland cities, who are 
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large shippers to points tributary to the river, the loss is compen- 
sated for by the reduction on railroad freight rates. To revive the 
navigation of the river above Celilo will require a number of service- 
able boats and men to handle them. There are only a few men who 
are familiar with the Upper Columbia and Snake rivers at all stages, 
and to navigate the rivers at low water requires an intimate knowl- 
edge of the river and considerable skill. Most of the old navigators 
have passed away, and as there has been practically no navigation 
of the Upper Columbia and Lower Snake Rivers for the past twenty 
years, the knowledge of the old captains was not handed down to 
apprentices as in the case of rivers with continuous navigation. 
The risks and cost of operating steamers on the river above Celilo 
will be much greater than for the middle river, and the effect of 
the opening of the canal will therefore be felt more in the regulation 
of freight rates than by the commerce of the river. 








Fig. 1. Electric device (used to actuate the camera for all work of this kind) 
placed so as to operate shutter of camera as soon as mortar began to recoil. 
Made use of the ‘‘break’’ method, having a spring to assist the demagnetiza- 


tion of coils. 


Piews of Martar Shell in Flight 


BY 


Capt. F. J. BEHR 
C.A.C.,; Instructor Coast 
Artillery School 


The first four prints are those of trial shots and the last three 
those of record shots. As can be seen from the shadows, the trial 
shots were taken near noon while the record shots were not fired 
until after 4.30 p. m. of the same day, when the entire mortar pit 
was shaded by the trees in rear of it. Consequently, there are no 
shadows on the last three prints. The delay between the trial and 
the record shots was due to shipping in the vicinity of the targets. 
All the prints were taken with the same exposure, 1-5,000 of a 
second. Considering the lateness of the hour, the fact that the 
entire mortar pit was in shadow, and the very rapid exposure neces- 
sary, the definition obtained is remarkable. 

For the purpose of obtaining views of guns and mortars in action, 
both the ‘‘make’’ and ‘‘break’’ methods were used for actuating 
the electrical device that operated the shutter of the camera. The 
electrical device was also arranged to remain fixed and then employ 
the chronographic principle for obtaining exceedingly small decre- 
ments in change of time. The recoil of guns and mortars, as was 
the case with this set of pictures, have been used to operate the 
system. The projectiles themselves have likewise been used for 
the same purpose, eliminating the variable recoil and elasticity of 
the carriage to which the device may be attached. 





“The accompanying~ pictures are republished by courtesy of the Artillery 


Journal, in which they first appeared in the September-October, 1912, issue. 
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Control of River Floods* 
BY 


Col. C. McD. TOWNSEND 


Corps of Engineers; Member American Society 
Civil Engineers 


The subject of land drainage is intimately associated with that of 
river improvement. The cultivation of the soil largely increases 
the amount of sediment entering our streams; the direction of the 
furrow markedly affects the amount of rainwater that flows from its 
surface, and every ditch or subsurface drain promotes a more rapid 
flow into our rivers during floods and possibly affects their dis- 
charge during low water. On the other hand, no satisfactory sys- 
tem of land drainage can be accomplished in a country subject to 
periodic overflow by river floods. In the Mississippi Valley pro- 
tection from floods is absolutely required before any regular system 
of drainage can be inaugurated. The overflow is so great and the 
amount of sediment carried by the river so large, that the drains 
would be annually destroyed or filled. The floods not only insure 
the destruction of any crops that might be planted, but also usually 
occur at such times as to prevent the harvesting of a second crop the 
same year. A discussion of the means of preventing floods in the 
Mississippi Valley is therefore particularly appropriate at this 
meeting. In a paper read before a levee convention in Memphis 
last September, I briefly discussed the various means of flood control 
which had been suggested to the Mississippi River Commission. 
This afternoon I propose to confine my remarks to the three methods 
in which the public appears most interested—that is, reforestation, 
reservoirs, and levees. 

SOURCES OF FLOODS. 


Before entering ,upon such a discussion, it is desirable to have a 
clear conception of the sources from which floods arise. 

As you will recall, the greater Mississippi Valley is bounded on 
the east by the Appalachian chain and on the west by the Rocky 
mountains. These mountain ranges exert a great influence on its 








*Paper read at a recent meeting of Drainage Congress in St. Louis. 
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floods. The winds blowing from an easterly direction deposit most 
of the moisture they absorb from the Atlantic Ocean on the eastern 
slope of the Alleghenies, and therefore cause little rain in the 
Mississippi Valley; the Rocky Mountains intercept the moisture 
‘from the Pacific Ocean. While showers occur from winds blowing 
over the Great Lakes, the original source of the floods of the Mis- 
Sissipp1 is to be sought in the Gulf of Mexico. 

During the winter and spring the land of the Mississippi Valley, 
no matter what its soil or the nature of its covering, 1s cooler than 
the waters of the gulf, and a southerly wind becoming saturated 
with moisture as it passes over the water will precipitate that 
moisture on the land in copious rains, or in snow when the tempera- 
‘ture is sufficiently low. A wind from the southwest sweeps up the 
Ohio Valley; one from the south carries moisture to the Upper 
Mississippi; one from the southeast to the valleys of the Arkansas 
and the Missouri; but in all cases there is a tendency for the great- 
est rainfall to occur near the coast, and gradually to decrease as the 
wind currents travel inland. Thus the average annual rainfall at 
New Orleans is 60 inches; at Memphis, 52 inches; at Cincinnati, 42 
inches; at Pittsburg, 36 inches, and at St. Louis 40 inches. At the 
headwaters of the Upper Mississippi it is but 25 inches, and at the 
headwaters of the Missouri but 13 inches. Though floods do not 
arise from mean conditions, but from exceptional rainfall when 6 
to 10 inches fall in a week, these figures are good indices of flood 
volumes, as we find from observation by the geological survey at 
Williston, N. D., that the flood discharge of the upper reaches of the 
Missouri is about one second-foot per square mile of drainage area; 
measurements at St. Paul give an extreme flood discharge for the 
Upper Mississippi of slightly over 2 second-feet per square mile. In 
the Ohio it is about 6 second-feet and in the Ouachita, St. Francis 
and Yazoo rivers from 8 to 10. 

From the above it will be seen that the rainfall is very unequally 
distributed over the Mississippi Valley, being least at the upper 
sources of the tributaries, and rapidly increasing as you approach 
the main stream, though an exception is to be noted in the southern 
tributaries of the Ohio, whose sources are nearer the gulf than are 
their outlets. 

The maximum discharge of the Upper Mississippi River is esti- 
mated at 450,000 second-feet; the Missouri, 900,000; the Ohio, 
1,400,000; the Arkansas, 450,000; and the Red, 220,000. There is 
also a large discharge from the Yazoo, St. Francis, White, Tensas, 
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and Ouachita rivers. The maximum discharge of the Mississippi 
during the flood of 1912 was about 2,000,000 second-feet at Cairo, 
and 2,300,000 at the mouth of Red River. It overflows its natural 
banks when the flow exceeds 1,000,000 second-feet. 

While the influence of forests on stream flow has received little 
attention in this country until recently, the scientists of Hurope have 
discussed the subject pro and con during the past forty years. It 
is generally accepted by both sides that the leaves falling from 
forest trees as they decay form a humus which has a large capacity 
to absorb water, and that when the forests are felled this humus is 
seriously injured by forest fires. It is also admitted that snow is 
more rapidly melted when it is exposed to the direct rays of the 
sun in an open field than when sheltered from such action in a 
forest. In fact, it has been found by the United States forestry 
service from experiments recently made in the White Mountains 
that the flow from cleared fields under such conditions is about 
twice that from forests. The forest advocates claim that this is 
sufficient proof that forests absorb water during flood periods, 
which pereolates through the ground and flows from springs later 
in the season, thus reducing flood heights and increasing the low 
water flow of rivers. Its opponents do not admit that the problem 
is thus easily solved. They claim that floods do not arise from the 
melting of snows by the direct action of the sun; that this process 
is so slow that the water which flows off would not raise a river to 
mid-stage; that floods occur when on a layer of snow there falls a 
copious supply of rain, and both the rain and melted snow enter 
the stream simultaneously; and that under such conditions the 
forest, instead of being beneficial, is injurious. On cleared land 
the wind tends to blow the snow from the ridges and piles it in 
immense masses in the ravines, while in the forests the snow is 
uniformly distributed. A few days of sunshine dries cut the 
ridges in the open field and melts sufficient snow in the forest to 
saturate with water the underlying humus. 

If a heavy rainfall then occurs, the forest humus, being satu- 
rated, can absorb no more water, and the combined rain and snow 
of the forest flows into the streams, while in the cleared land, the 
ridges having dried out, absorb a. large portion of the rainfall, and 
the snowdrifts expose a much smaller surface to the action of rain. 
Moreover, during periods of great drouth the forest humus and 
long, deep tree roots also absorb more water than grass and farm 
crops, and retard the run-off at a time when it is most needed for 
low water navigation. They therefore maintain that a forest is a 
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fair-weather friend of some use in regulating the mid-stages of a 
river, but an utter failure when most needed—that is, during ex- 
treme floods or extreme low water. While I consider this dis- 
cussion valuable, my objections to reforestation are not based 
solely on a scholastic argument. 

It requires from twenty to fifty years to produce a good forest 
growth, and over a century for the leaves of that forest to decay 
in sufficient quantities to produce the humus which will be satis- 
factory as an absorbent of rainfall. We can not afford to delay 
the drainage of the Mississippi Valley even to produce the forest 
growth, without taking into consideration the time required for the 
humus to form. We are more vitally interested in the height that 
the river will attain in the next few weeks than in what will occur 
in the year 2013. 

It is also pertinent to this discussion to determine what would 
be the extent of the forest reservation which would be required to 
reduce the flood heights on the Mississippi River a given amount. 
To solve this problem it is necessary to make certain assumptions, 
and for purposes of argument we will take it for granted that re- 
forestation will reduce the flood discharge of a stream one-half. 
The Mississippi flood of 1912 attained the greatest height of any 
then recorded at all gauge stations, except at Vicksburg. That of 
January and February, 1913, while 5 feet lower at Cairo, was the 
next highest flood at Memphis, and for a considerable distance 
along the river. We will endeavor by reforestation to reduce the 
flood of 1912 to the heights attained in the winter of 1913. For 
this purpose it will be necessary to reduce the maximum discharge 
of the river 500,000 second-feet. It will also be necessary to dis- 
tribute this reduction among the tributaries, reducing the maximum 
discharge of the Missour1 River from 900,000 to 700,000 second- 
feet, that of the Upper Mississippi from 450,000 to 350,000, and 
that of the Ohio River from 1,400,000 to 1,200,000. 

As stated in the introductory remarks, the flood discharge of the 
Missouri River at its headwaters is about 1 cubic foot per second 
per square mile of drainage area, and if the reduction in discharge 
of one-half is to be secured by reforestation 2 square miles of 
forest would be necessary for every second-feot of reduction of 
flood discharge, or 400,000 square miles of forests to reduce the 
discharge of the Missouri River 200,000 second-feet. At the head- 
waters of the Upper Mississippi the ratio of flocd discharge to 
drainage area is about 2 second-feet per square mile. A reduction 
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of this discharge by one-half would require a forest reservation of 
100,000 square miles to reduce the floods of the Upper Mississippi 
100,000 second-feet. On the Ohio River the ratio is six to one, and 
it would therefore require forests at the headwaters of the Ohio 
having an area of 66,000 square miles to reduce its flow 200,000 
second-feet. In other words, to reduce the height of a flood at 
Memphis by reforestation at the headwaters of the river from that 
of 1912 to the next highest on record would require a forest reser- 
vation of about 566,000 square miles, an area exceeding that of the 
portions of Montana and Wyoming drained by the Missouri River 
and North and South Dakota, the portion of Minnesota drained by 
the Upper Mississippi River, and the States of Wisconsin, Iowa, 
Illinois, and Indiana. But even such a forest reservation would 
afford only partial protection, and large expenditures for levees 
would still be required. Under the above assumptions, to prevent 
any overflow by reforestation would necessitate a practical abandon- 
ment of the valley for agricultural purposes, and the development 
of an extensive irrigation system to produce tree growth in arid 
regions of the west. 

It is therefore apparent that even under the most extravagant 
claims of forestry advocates, reforestation as a means of reducing 
flood heights on the Mississippi requires the conversion of too 
much farming land into a wilderness to be practicable. The waste 
land that can profitably be converted into forest reservations is too 
limited in area to produce an appreciable effect on the floods. 


RESERVOIRS. 

To have retained the Mississippi-flood of 1912 within its banks 
would have required a reservoir in the vicinity of Cairo, Ill., having 
an area of 7,000 square miles, shghtly less than that of New Jersey, 
and a depth of about 15 feet, assuming that it would be empty 
when the river attained a bank-full stage. If the site of such a 
reservoir was a plane surface, the quantity of material to be exca- 
vated in its construction would be over 100,000,000,000 cubic yards ; 
and its estimated cost from 50 to 100,000 million dollars. Such a 
volume of earth would build a levee line 7,000 miles long and over 
150 feet high. 

Cairo is the logical location for a reservoir to regulate the dis- 
charge of the Lower Mississippi. It will not only control the floods 
from the Ohio, but also the discharge from the Missour1 and Upper 
Mississippi. But if the reservoirs be transferred from the mouths 
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of the tributaries to the headwaters, their capacity must be largely 
increased. No two floods have the same origin, unless they are re- 
ferred back to the Gulf of Mexico. The wind bloweth where it 
listeth. If the prevailing winds in the early spring are from the 
southwest, the southern tributaries of the Ohio furnish the crest of 
the year’s flood; if more nearly from the south, reservoirs will 
be required on the streams of Ohio, Indiana, and Illinois; a slight 
varying of the wind will produce a flood in the Upper Mississippi, 
while if it blows from the southeast the principal sources of trouble 
will be the Red, Arkansas, and Missouri rivers. To control the 
flow of every stream in the Mississippi Valley by reservoirs is a 
pretty large job, even for the United States Government, but- that 
is what the control of the Mississippi during floods by reservoirs 
signifies. 

The advocates of the control of the floods of the Mississippi by 
reservoirs do not, however, have in mind any such radical control 
as 1s above indicated. They hmuit the control to the headwaters of 
the various tributaries, and while every stream that flows in the 
valley may be considered a headwater of some tributary, I judge 
from the discussions of the reservoirs and their proposed employ- 
ment for power purposes, which requires a considerable height of ” 
dam, that by headwaters is meant the sources of the rivers in moun- 
tainous countries as distinguished from the more level plains, and 
more specifically the sources of the Missouri above the mouth of the 
Yellowstone, those of the Upper Mississippi in the State of Muin- 
nesota, and those of the Ohio in the Appalachian range. 

The flood which is now devastating the country affords data for 
determining the effect of such a system of reservoirs and its lessons 
are the more valuable because no effort 1s necessary to refreshen the 
memory. When, on April 2, the gauge at Cairo attained a height of 
04 feet there was flowing down the Mississippi River at least 
2,000,000 cubie feet of water per second. It requires about eleven 
days for a flood wave to be transmitted the 966 miles between 
Pittsburgh, Pa., and Cairo; on March 22, the Pittsburgh gauge 
read 5.3 feet, which is produced by a flow in the Ohio River at that 
locality of about 15,000 second-feet. In ten days a flood travels 
the 858 miles between St. Paul, Minn., and Cairo; on March 2 the 
reading of the St. Paul gauge was 0.5 foot, corresponding to a dis- 
charge of the Mississippi of about 2,500 second-feet. In eight days 
the effect of a flood at St. Joseph, Mo., is felt at Cairo; on Mareh 
25 the gauge at St. Joseph read minus 0.1 foot, representing a dis- 
charge of the Missouri River of about 17,000 seecond-feet. Jf a 
system of reservoirs had been constructed which would have pre- 
vented all flow from the Allegheny, the Monongahela, the Mississip- 
pi above St. Paul and the Missouri above St. Joseph, it would 
have reduced the 2,000,000 second-feet discharged by the Mississippi 
‘River at Cairo on April 2 less than 35,000 second-feet. 

The water which passed Cairo on the 2d of April came principally 
from the White and Wabash, and the lower tributaries of the Ohio, 
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and after the water of these rivers started to subside the flood from 
Cincinnati, though increasing from 57 to 69 feet on the gauge, 


could increase flood heights at Cairo less than 1 foot. The flood of 


30 feet at Pittsburg on March 28 produced its effect on the Cairo 
gauge day before yesterday (April 8). It has merely prolonged 
the flood without increasing its height. 

The proposed system of reservoirs would have cost hundreds of 
millions of dollars and its effect on this year’s flood height of the 
Lower Mississippi could not possibly have exceeded 6 inches. 

Neither the rain nor snow which falls upon the mountainous 
portions of the Mississippi watershed has much effect upon the 
floods of the lower river. The principal source of the floods is the 
great alluvial plain between the mountains. As I have pointed out, 
excepting the southern tributaries of the Ohio, the rainfall 
is relatively slight at the upper sources of the tributaries and their 
maximum flood discharge does not usually coincide with that of the 
mid-valley. 

Great floods do not arise from average conditions, but from ex- 
ceptional variations such as are caused by a series of heavy rains 
rapidly sueceeding one another. Each rainstorm starts down a 
stream a flood, the volume of which can be absorbed by a reservoir 
with comparatively little trouble, but if a second storm sweeps over 
the valley the reservoir to be effective must be emptied or its ¢a- 
pacity doubled. To hold all the excess rainfall till low water would 
require reservoirs of enormous capacity. Economic considerations 
usually require that the reservoirs should be emptied as soon as the 
erest passes, in order to utilize the same space for a second rain- 
fall; so that while reducing the crest of a flood at a given locality 
they necessarily prolong the period during which the river remains 
at a high stage. 

The water which is abstracted from the Gulf of Mexico is usually 
precipitated in the Mississippi Valley within a period of two days. 
The return flow extends over a period of two or three months. The 
sum of the maximum discharges of the various tributaries of the 
Mississippi River is nearly 4,000,000 second-feet, while the greatest 
measured discharge of the river itself is about 2,800,000. This ap- 
parent discrepancy arises from the fact that the floods of the tribu- 
taries do not reach the gulf at the same time. The crest of the 
Ohio River flood usually passes down the river in March or April, 
that of the Missourl in May or June. Moreover, the same law 
applies to the tributaries of a tributary. The waters of the south- 
ern branches of the Ohio tend to discharge into that river before 
those in Ohio, Indiana, and Illinois. 

By the construction of reservoirs, this beneficent law of nature is 
deranged. Instead of the crest of the flood of one stream passing 
down the river before that of another reaches it, two prolonged 
high stages will obtain which will tend to synchronize and the re- 
sultant combination may be higher than either flood would have 
been by itself. 
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A system of flood control designed to be satisfactory for one city 
may be most disastrous to another locality further down stream. If 
a system of reservoirs had been in operation in the Allegheny and 
Monongahela rivers during last January, it would have protected 
Pittsburgh from overflow and diminished the flood at Cineinnati 
when it was 50 feet on the gauge, but only to increase it when it 
attained a height of 60 feet. And this effect would have been pro- 
pagated to the gulf. 

Pittsburgh, moreover, would never consent to such a manipula- 
tion of reservoirs on the upper tributaries of the Ohio as would 
insure the reduction of floods at Cincinnati or on the Lower Mis- 
sissippl. Source stream control on the Mississippi River and its 
tributaries would therefore soon reduce itself to the question, Whose 
ox 1s to be gored? 


LEVEES. 


While the use of forests or reservoirs as a means of flood control 
is still in an experimental stage all over the world, the employment 
of levees for this purpose has been tested for centuries. The Po, 
Rhine, Danube, Rhone, and other rivers of Kurope have been suc- 
cessfully leveed. The laws governing the flow of water in a con- 
fined stream have been carefully studied and the construction of 
levees 1s just as susceptible of mathematical analysis as other engi- 
neering problems. There is an element of uncertainty in all the 
forees of nature. No one can say positively, for instance, that St. 
Louis may not at some future time experience an earthquake or a 
eyelone of greater intensity than that which swept the city in 1896. 
There is also a possibility that there will be some combination of 
meteorological conditions which will create a flood of greater volume 
than has heretofore occurred in any drainage area. But the height 
to which levees should be constructed is as susceptible of determina- 
tion as the strains to be permitted in an office building due to wind 
pressure or the moving load allowable on a bridge. The city engi- 
neer solves a similar problem whenever he constructs a sewer to 
carry off the storm water from the city streets. 

Nor is there any evidence either that floods have been increasing 
in recent years, due to the cutting off of forests or that the beds of 
our main rivers are rising as they are leveed. The effect of forests 
on rainfall in Europe has been carefully investigated by Profs. 
Sehlichting and Hagen. The records at London, Paris, St. Peters- 
burg, and other localities where the rain has been recorded for long 
periods fail to show any tendency to an increased fall in recent 
years. 

The meteorological records of the United States have not been 
maintained a sufficient length of time to be of much value in 
solving the problem. Such data as we possess indicate that the 
flood discharge has not increased in recent years. The greatest 
flood of the Mississippi at St. Louis occurred in 1844, the next 
largest in 1875. On the Great Lakes the high water of 1838 is the 
greatest on record. In the Ohio the flood of 1884 exceeded that of 
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1913 at Cincinnati, and that -of 1832, while 5 feet lower at Cincin- 
nati, was 5 feet higher at Pittsburg than this year’s flood. The 
gauge records at the bridges over the Upper Mississippi, which cover 
a period of thirty years, would indicate that the flow from Minne- 
sota and Wisconsin, where the forests have been most extensively 
destroyed during the period, has been shghtly improved, though 
the river shows signs of deterioration where it receives the flow 
from the prairie lands of Iowa and Illinois. 

On the Merrimac River where the mill owners have accurate ob- 
servations extending back to 1849 there appears to be some increase 
in flood discharge, though reports of the forestry commission of the 
State of New Hampshire and census returns from the State of 
Massachusetts indicate that the forest area of its basin is 25 per 
eent greater than forty years ago, due to the abandonment of 
farms. Such records as we have in this country appear to confirm 
the conclusions of the German forestry authorities that the influence 
of forests on drainage is concealed by other causes more powerful 
in their effects. 

The flood of 1912 was not due so much to excessive precipitation 

as to the fact that the surface of the ground was :still frozen over the 
States of [llinois, Indiana, and Ohio, so that there was not the soii 
absorption of rain water that usually occurs. 
- There is not the remotest connection between deforestation and 
the disasters which have just occurred at numerous cities in Ohio 
and Indiana. The flood of 1832 was similar to that of 1913, but it 
was discharged by streams of the dimensions the Creator intended 
they should have. Since then cities have sprung up and land has 
become so valuable that riparian owners have encroached upon the 
waterways. Where the floods formerly flowed untrammeled, fac- 
tories and dwellings have been constructed and numerous bridges 
have further restrained the stream’s discharge. When His laws 
are violated, though slow to anger, the Creator occasionally asserts 
His might and the works of man crumble before Him. 

If it would accomplish any useful purpose, I could name other 
cities where conditions are as dangerous as at Dayton or Columbus, 
but the lessons of the flood will be forgotten with the burial of its 
dead. 

The question of the rise of the river bed by levee construction 
has been exhaustively investigated. On the Rhine the maximum 
effects were observed at Dusseldorf, where the same discharge at 
low water appears to attain a height 8 inches greater to-day than 
it did one hundred years ago, while the same discharge at high 
water has lowered about 1 foot in a century. On the Po the maxi- 
mum observed change in low-water conditions was 0.02 of a foot 
per year, but it is by no means proved that even these small changes 
have resulted from levee construction. They may have arisen from 
the improvements in the river bed which were made simultaneously 
with levee construction. The observations of the Mississippi River 
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Commission agree with the Dusseldorf observations, in that the 
Mississippi River appears to be shghtly enlarging its section, at 
least at mid-stages. 

The present contents of the adopted levee line of the Mississippi 
River is about 243,000,000 cubic yards. It has been computed that 
with an addition of 200,000,000 cubic yards and at an estimated 
eost of $57,000,000 this line would be safe against any flood which 
has occurred in the Mississippi River. This sum, though large, is 
less than $4 per acre of land protected from overflow, and appears 
insignificant when compared with the amounts which are being ex- 
pended per acre for irrigation purposes in the arid west. The in- 
crease in the value of land or the damage caused by one overflow 
hke that of 1912 would pay for the completion of the levee system. 

When a levee line contains but one-half the material that safety . 
requires, crevasses afford no argument against levee construction. 
During the flood of 1912 hundreds of miles of levees were topped 
with earth in sacks to a height of from 2 to 4 feet, to prevent the 
water flowing over them, and water was seeping through their 
narrow bases in copious streams, which was unheeded until mud 
began to flow. The levee which failed at Beulah, Miss., this winter 
was held till the pile of sacks exceeded 20 feet in height. 

The holding of 1,525 miles of such levees through the flood of . 
1912, even though 13 miles failed, is a powerful argument in favor 
of a properly constructed levee line. There was no failure where 
levees were built to a suitable grade and adequate dimensions, as 
in the Upper Yazoo District. 


CONCLUSION. 


While of the opinion that levees afford the only practicable meth- 

od of controlling the floods of the Mississippi River, I desire to state 
that I am strongly in favor of both reforestation and reservoir con- 
struction, but hmited to the purposes for which they are adapted, 
just as I am in favor of reinforced concrete for small bridges, 
though not considering it applicable to one spanning the lower 
Mississippi River. The price of lumber to-day is a sufficient argu- 
ment for planting trees, without attempting to associate forestry 
with the climate or with the flood conditions on our rivers. If 
the Federal Government or the states do not conserve the forests, 
the time will soon come when the farmer will raise his erop of 
timber just as he now plants a field of wheat, and for the same 
reason, because it will pay him to use his waste land for the pur- 
pose. : 
Reservoirs are necessary for municipal water supplies, for pur- 
poses of irrigation, for the development of power and for feeders 
to canals. They can be successfully employed on small streams to 
diminish floods or increase the low-water flow. The trouble arises 
when an attempt 1s made to utilize them for too many purposes at 
the same time. There must be a paramount issue to which the 
others will be subsidiary. 
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If the main purpose is to supply a city with water only the ex- 
cess can be used for power development. If the dams are con- 
structed. to produce power, the reduction of floods and the improve- 
ment of river navigation must be subordinate thereto. Water re- 
quired for irrigation can only be used to develop power when 
the dam of the storage reservoir is given a greater height than is 
necessary for its flow over the land to be reclaimed. | 

During the next decade there will be an enormous development of 
reservoirs both for irrigation and for power purposes, which I hope 
will be utilized to correct man’s folly and prevent many disasters 
similar to those which have recently occurred in Indiana and Ohio. 
While the control of the Lower Mississippi by reservoirs is 1m- 
practicable, there are numerous smaller streams where they can be 
used with excellent results. 

It is questionable, however, whether such reservoirs should be 
built with the control of our rivers the first object of consideration. 
It will, to be sure, saddle the cost on the United States treasury, 
but to close down a power plant and stop the growth of crops every 
time the navigation of a minor stream is interfered with, I do not 
consider would be a wise proceeding. 

I am also skeptical of government ownership. It may have 
worked satisfactorily in irrigation projects, but my own experience 
with government ownership of water power makes me suspicious. 
I have found that when the government buys water power, the 
power companies consider it worth $25 per horsepower per year, 
but when conditions are reversed, and an attempt 1s made to lease 
it, the price drops to ten cents. 

Wherever it will pay to build a dam for power purposes, capital 
stands ready to construct it, 1f it can obtain the franchise. By 
regulating the franchise, the reservoir can also be used to restrain 
loeal floods. 

The systematic conservation and regulation by the Government of 
a river from its source to its mouth sounds most attractive, sug- 
gesting a scientific solution of every problem of river hydraulics, 
but instead I greatly fear that it is the voice of a siren luring the 
people to an open pork barrel for every stream in the United States. 


4 Cwo-Companyp Field Work 


BY 


Capt. F. B. WILBY 
Corps of Engineers 


GENERAL SITUATION. 


The two-company work described in the following pages is a 
portion of a position about 214 miles long, presumably held by one 
brigade of a division, having two brigades on the line, with one in 
reserve. This division being one of several occupying an extended 
defensive position. 

A position sketch of the brigade front was made by the officers 
of the First Battalion of Engineers, and the different works neces- 
sary (fire trenches, support trenches, artillery positions, ete.) were 
located thereon, after an examination of the ground in the field. 





“The great amount of interest evinced by officers of the Corps of Engineers 
in the solution of the ‘‘Two-Company Field Wiork,’’ by Captain Wilby, de- 
termined the editors to try to collect additional information. Accordingly, 
Plate A was obtained through the courtesy of the Geological Survey from 
advanced sheets of a new survey they are making of the vicinity in which the 
work is supposed to be located. Plate A (opposite page 448) at the end of 
Captain Wilby’s article, has been added for the particular purpose of showing 
the general defensive line of which the half-brigade front treated of in 
Captain Wilby’s article forms a part. The site of the two-company work is 
at the center of the circle marked P in upper center of plate. The defensive 
line is supposed to follow the ridge running generally east and west from the 
right border of the plate to about the site of the two-company field work, where 
it turns to the northwestward. The general situation is that of a field army 
occupying this line and its extension on a curve with a radius of 6 or 7 miles 
for about 15 miles, with both flanks resting on a river. The pictures were 
taken by Captain Wilby at points picked out on the ground by him and the 
editor. 

The Memoirs will be glad to publish further discussions and comments on 
this article in succeeding numbers of the magazine. It is believed that the 
additional plate, together with tne pictures, give sufficient information for a 
fairly complete solution of the problem, and the editors will be obliged to 
anyone who will submit such a solution.—EbD. 
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The right half of this line is shown in Plate I, and the two company 
work near the center of the line at A was selected to be worked 
up in detail, with large scale plan of site and all necessary working 
drawings, cross sections, ete. 


SPECIAL SITUATION. 


It is seen from Plate I that this two-company work is one of a 
battalion group disposed as follows: On the left, two half-company 
trenches with machine-gun emplacements, commanding the open 
slopes of a creek bottom; in the center the two-company work on a 
detached hill with open ground in front and wooded in rear; while 
the right is held by one company entrenched at the foot of a steep 
wooded slope. The whole group covers an almost ideal location 
for a 3-inch battery used as a ‘“‘stabbing’’ battery, with two guns 
enfilading the front in each direction. 

The work in the center, to be held by two companies and two ma- 
chine guns, is the one selected for examination in detail. 

It is the only position in this part of the line which lends itself 
in any particular to all-round defense, and though too restricted 
in area to accommodate a battalion, it will with the two adjacent 
companies form a strong supporting point, which should hold out 
if attacked in flank or rear for at least sufficient time for the 
active reserves to come to its assistance. 

The special situation, then, which this work is to meet is an 
attack from the South, Southwest, and West, with a possible attack 
from the rear by any of the enemy who may obtain a temporary 
lodging on the hills to the North and East. 


CHARACTER OF WORK. 


The work is to be constructed by the troops after their arrival on 
the ground, and with the materials available on the site. 

It is assumed that the time available is from one to two days, 
and that the enemy will attack with nothing heavier than 3-inch field 
guns. In case heavier artillery is used by the attack, the cover of 
course should be thicker, and the designs would differ materially, 
but for the purpose of this problem it was assumed that the work 
was to withstand 3-inch field guns only. It is believed that this 
type would be the first aimed at in any works constructed by the 
troops, and as time and material become available the cover would 
be strengthened. 

GENERAL PLAN. 


A large scale map of the site is shown in Plate IJ, with the plan 
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of the work located thereon. All trenches and positions were first 
staked out on the ground in the location selected, and then bear- 
ings and distances taken and the lines plotted on the map in their 
true position. The plan given is therefore not the solution of a 
map problem, but shows the result of lines selected on the ground. 
A vertical section of the hill on the line Y-Z is shown in Plate III. 
This section is without vertical exaggeration, so gives a good idea of 
the slopes, and the relative position of the firing trenches, cover for 
supports, obstacles, ete. 

The plan, Plate II, shows the location of all necessary works for 
the defense, such as firing trenches, cover for supports, obstacles, 
observation stations, machine gun positions, communications, ete. ; 
all of which will be described more in detail under the appropriate 
headings. In studying these plans the time and men available 
must be kept in mind. However desirable thicker overhead cover 
may be, or wider or deeper trenches, the work must be kept down 
to the minimum and our designs must not be of such magnitude 
that the work will be only half finished when the attack commences. 


LOCATION AND LENGTH OF FIRING TRENCHES. 


Our firing trenches must be selected so as to effectively cover the 
foreground to the South, Southwest, and West. Upon an exami- 
nation of the ground it was seen that the following points must be 
considered in selecting this location : 


a. The parapet must be as low as possible for purposes of con- 
cealment ; 

b. Due to this low parapet, the Line must be well over the military 
erest to cover the immediate foreground ; 

c. The distance of the trench from the edge of the woods must. 
be great enough to avoid undue losses from shots aimed at the edge 
of the woods; 

d. The foreground is open, but rolling, so that a trench at the 
foot of the slope is not feasible, as it would not have a grazing fire 
and would leave many dead areas. The trench must therefore be 
located at such an elevation as to command the majority of these 
areas ; 

e. The flank trenches should slope well from front to rear, not 
only for purposes of proper drainage, but principally to avoid 
visibility. 


Points c and d above apparently conflict, and a compromise be- 
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tween the two must be accepted. After a consideration of all of 
the above points the line BCEF, Plate II, was tentatively de- 
cided upon and staked out. Upon measuring the length of this. 
line, it was found to be about 110 yards in length. 





Fig. 1 (upper). General view of the hill on which it is proposed to locate the 
two-company redoubt. The hill is the bald one in the upper right center of 
the picture, distant about 1,600 yards from camera set up at point X, Plate 
A, across the valley nearly southwest from the hill. 

Fig. 2 (lower). Same hill on extreme upper right-hand edge of picture, taken 
so as to show the rolling nature of the foreground as it appears from the 
ridge at Z, Plate A, on the unimproved road about 750 yards southeast of 
the hill. 
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The question as to the proper length of firing trench for two com- 
panies depends upon the strength of the companies, and the dis- 
position of the troops during the attack. 

The infantry company as given in the recent ‘‘Report on the 
Organization of the Land Forces of the United States’? (Chap. VI, 
p. 38) consists of sixteen squads or 128 rifles. If half of these are 
held in support, that gives eight squads from each company on the 
firing line, or for two companies sixteen squads on the firing line, 
with an equal number in support. Now, if we prepare firing 
trenches long enough to accommodate these sixteen squads with one 
man per yard, we will have a density of not exceeding two men per 
yard when the entire support has reenforced the firing line. This 
appears rather crowded, but is not impossible if necessary; how- 
ever, such a dense firing line would seldom be attained in practice, 
for the following reasons: 


a. The company would seldom go into combat mustering its full 
strength; and it is thought twelve squads would be nearer the 
average available number of rifles; 

b. Casualties would deplete the firing line before the entire sup- 
port was absorbed ; 

c. Even up to the last, a certain portion of the support would be 
held out for use in delivering a counter-attack. 


Due to the above causes, the density of fire with the digpentice 
assumed above would probably never exceed 144 men per yard (or 
2 feet per man). This is the maximum density prescribed by German 
‘*Regulations for Field Fortifications, 1906,’’ par. 39, and is suf- 
ficient to deliver the maximum fire effect without overcrowding the 
men. 

We may therefore determine the length of our firing trench to 
be such as to give 1 yard of firing crest per man, to half of the 
authorized strength of the garrison in rifles. This, for two com- 
panies of 128 rifles each, gives 128 yards; but to this must be added 
1 yard for each traverse, and sufficient space for the necessary 
machine-gun positions and observation stations. To accommodate 
sixteen squads with one traverse between every two squads, this 
would increase the necessary length of trace to 128-+-15—143 yards, 
without considering machine guns and observation stations. 

Our line as staked out measures only 110 yards, and to find the 
additional length necessary (at least 33 yards) we may do one of 
two things: 


a. Lengthen the line by moving down the slope farther; 
6. Extend one or both flanks to the rear. 
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If the line was lengthened by the first method it would take some 
such position as shown by the broken line B,F,, Plate Il, with 
the firing crest lower by at least 10 feet vertically. After an in- 
‘spection of the field of fire from this lower position, it was abandon- 
ed owing to the large areas in the immediate foreground not under 
fire from this location. 

The second method must then be used, and the flanks extended to 
the rear. This additional length can easily be secured on the left 
from B to A, where we have 40 yards of trench well located for 
fire on an attack from either the left front or left flank; while on 
the right we will only add one more squad (or 9. yards) from F to 
F’, in order to strengthen the fire from this flank. 

The firing trench then as finally located is ABCEFF,, and is 
apparently much stronger on the left flank than on the right. This 
apparent inequality is, however, offset by the fact that the fore- 

ground on the right front is open and of an even slope, afford- 

ing an excellent field of fire up to the long ranges, and therefore 
giving every advantage to the defense; while, on the other hand, 
the foreground on the left front is broken and rolling, being cut 
up by ravines and gullies affording cover for the attack even at 
short ranges (Plate I). The firing trench is therefore so located 
as to concentrate the greatest fire on the most vulnerable flank. 

One other point should be mentioned, and that is the ‘‘dead area’’ 
indicated on the right front (see Plate I1). This area can only 
be commanded from the point E, and if the salient at EK is extend- 
ed to include E, it would have the following disadvantages : 


a. It would face the front trench too much to the left; 

b. It would face the right flank trench too much to the rear; 

c. It would prevent fire from either the front or right flank 
trenches from covering an attack on the right front; 

d. It would present a weak salient to the enemy. 


It was therefore decided to hold the trench in the retired posi-- 
tion, leaving the dead area as shown but protecting the salient by 
deflecting obstacles beyond this area, and by an additional interior 
obstacle which would prevent any of the enemy who might have 
obtained lodgment there from rushing the work. A machine gun 
located at E gives added protection with its high rate of fire, be- 
sides enfilading any attack on either the front or right flank. 


LOCATION OF SUPPORT TRENCHES. 


In the preceding paragraphs we have said that during the early 
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stages of the attack about half the garrison will be under cover in 
year, acting asa support. The location of cover trenches, of course, 
depends on the location of the firing trenches, but in deciding on 
the position of the latter the probable location of the former must 
constantly be kept in mind. 

The support trenches are preferably located out of sight of the 
enemy, on the reverse slope of the hill to minimize the digging for 
the necessary cover; not closer than 50 yards in rear, to avoid catch- 
ing the overs aimed at the firing trench; and not much over 100 
yards away in order to be within prompt supporting distance. Such 
a location is shown on Plate II at ANH, which is 80 yards in rear 
of the front trench, and on the reverse slope. One other location 
which might be considered is 30 yards farther to the rear, or 110 
yards in rear of the front trench, along the ‘‘military crest’’ of the 
reverse slopes, so as to command the otherwise ‘‘dead area’’ along 
the road. This latter position has its disadvantages as follows: 


a. It brings the support trench nearer and under the command- 
ing hills to the North, in case of an attack from that direction ; 

b. It places the supports at too great a distance from the fire 
trenches ; 

c. Even if located thus so as to command certain areas along the 
road it will then still leave a considerable dead area within 30 yards 
in the gully at the left rear, marked Dead Area (see Plate IT). 


It was therefore decided to locate the support trenches as shown 
at ANH with a clear field of fire for at least 30 yards, covering the 
obstacle but not the gully beyond containing the road; this gully 
to be flanked by one squad in a covered trench LKM, surrounded 
by an additional obstacle. 

The trench ANH is about 65 yards in length and would furnish 
cover for about nine squads of the support. As cover is required 
for about half the garrison, or sixteen squads, we must arrange 
cover for seven more squads elsewhere. 

This is conveniently located in the trench BPQG, parallel and 
midway between the front firing trenches and the support trench. 
This trench is required for purposes of communication and, as it 
is sheltered from view by the woods, may well be utilized to furnish 
the additional cover for the supports. 


PROFILES OF FIRING TRENCHES. 


In general, the profile adopted for the main firing trenches is 
about as shown in Fig. 1, Plate IV, being an open trench of low 
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parapet for purposes of concealment. The trench is to be trav- 
ersed every 9 yards, as shown in plan (Fig. 2, Plate IV); with two 
splinter-proof shelters under the parapet between every two tray- 
erses, each shelter to accommodate four men; thus one squad of 
eight men is the normal garrison between traverses. This standard 
design was not departed from except for important reasons in each 
case. 

The advantages of an open trench without overhead cover or 
loopholes for a field work is recognized by the German ‘‘ Regula- 
tions for Field Fortifications,’’ which mentions loopholes only un- 
der siege operations (paragraphs 131 and 132). The reason for 
this is evident, in that siege operations are conducted at short 
ranges where concealment of a position is no longer possible, and 
where cover from the enemy’s fire is the main consideration. In a 
work of the type under discussion, where concealment of the gen- 
eral position is of primary importance, overhead cover or loop- 
holes should never be added if by so doing the general position 
is made visible from long ranges. 


There is no question as to the relative visibility of an open trench 
or one with loopholes when located on level or nearly level ground; 
the advantage is all with the former. But as the ground slopes 
more and more to the front, the open trench becomes more and 
more difficult to conceal, due to the exposed earth surface in rear, 
which was formerly concealed by the parapet. This limit of slope, 
above which it is very difficult to conceal the open trench, is about 
17 to 18 degrees; so for slopes steeper than this the disadvantages 
of the loopholes have disappeared, and they may be installed with- 
out sacrificing invisibility. If the head cover in these cases is 
carried to the rear over the entire trench, it has the added advant- 
age of protecting the men in the trench from splinters of shells 
exploding on the slope above. . 


For the above reasons the front firing trench from C to H, which 
occupies a slope varying from 19 to 23 degrees, is designed with 
overhead cover as shown in Fig. 3, Plate IV. This overhead cover 
then takes the place of the splinter-proof shelter under the parapet, 
which is omitted, and the bottom width of trench is widened to 
2 feet 9 inches in order to permit passing in rear of the line of 
men sitting on the firing step. The traverses in this section are all 
made very short, only 2 feet in length, to avoid the deep excavation 
necessary (of at least 10 feet) if passage-ways are dug around a 
full-length traverse. 
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Fig. 4 (upper). View of the field of fire taken from the same point in the 
front trench as Fig. 3 and extending that view to the left. This also gives 
a view of the folds in the ground to the left of the field of fire. See, also, 
Fig. 2 of flank views of same folds. 





Fig. 5 (lower). View of same sector of field of fire as shown in Fig. 4, but taken 
from the trench proposed by Major Harts and others at the point indicated 
by the stake in Fig. 3. Figs. 4 and 5 show the increase in the amount of 
cover afforded attackers coming from the direction of the barn near the 
center of the picture if the lower trench proposed by Major Harts is used 
instead of the upper trench proposed by Captain Wilby. 
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The firing trench from B to C, and E to F,, 1s of the standard pro- 
file (Fig. 1, Plate IV), as the slope is only 1314 and 12 degrees, 
respectively. 

From A to B the trench is masked by woods, and the parapet 
may he as high as desired; a 2-foot parapet with the area of cross 
section equal to that of the trench is the most economical of labor, 
so has keen adopted (see Fig. 4, Plate IV). 

In all profiles of firing trenches, the elevation of the firing erest 
abcve the firing step varies with the slope of the ground. On level 
eround, from a series of exhaustive experiments made by the writer, 
the most convenient height for the average man was determined as 
4 feet 7144 inches; this height may be separated into 3 feet 9.3 
inches from the firing step to the elbow rest, and 10.2 inches from 
the elbow rest to the firing crest. The width of the elbow rest 
arrived at from the same experiments was 15.6 inches. 

However, it is a well-known fact that this height (from the firing 
step to the firing crest) must be decreased when firing down a 
slope; for steep slopes some authorities give the proper height of 
parapet as 4 feet. The necessary deduction in each ease can only 
be found by experiment. It is thought that a good general rule 
is to deduct 1 inch from the height of 4 feet 7.5 inches for every 
5 degrees of slope, but in deducting this amount care must be taken 
that the height of 3 feet 9 inches from the firing step to the elbow 
rest 1s retained in all cases, making all the reduction in the height 
from elbow rest to firing crest. 


PROFILES OF SUPPORT TRENCHES. 


Shelter in the support trenches is furnished for at least one-half 
of the authorized strength in rifles. This shelter is to consist of 
seats with overhead cover, proof against 3-inch shell. Larger 
covered shelters, furnishing sleeping quarters for the entire garri- 
son, are considered unnecessary, inasmuch as the command will be 
bivouacked on the wooded reverse slopes of the hill. During any 
attack by the enemy it is assumed that all men will be awake and 
occupying either the firing trenches or the shelter for supports. 

The support trench between A and H (shown in plan and seec- 
tion in Figs. 5 and 6, Plate IV) furnishes cover for nine squads, 
one squad between every two traverses except at N where counter- 
attack steps are located. This trench is arranged to fire to the 
rear with a field of fire of about 30 yards, up to and including the 
obstacle (see Plate II). 

Sufficient cover for eight more squads is furnished in the trenches 
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Fig. 6 (upper). View from top of hill where it is proposed to put the com- 
manding officer’s look-out station, looking to the left with the line of woods 
shown in Plate I just off the left edge of the illustration. Fig. 2 was taken 
from the road running in front of the house and fields in the upper center 
of the picture where that road crosses the grassy knoll near the right-hand 





edge of the picture. The ravine (on either side of which Captain Wilby has 
proposed to put a half-company work) is the one running down through the 
center of this illustration. 


Fig. 7 (lower). View of foreground looking directly to the right from look- 
out station, showing fields of fire for works to the right of the two-company 
work. In all of these views the character of the hills across the valley from 
which the attack would come is shown. | 
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from Q to G and from B to P (cross sections shown in Figs. 7 and 
8, Plate IV). As these trenches are located normal to the contours 
the bottoms are stepped and the shelters are placed parallel to the 
contour and perpendicular to the trench. The earth cover over 
these shelters is so sloped as to furnish a parapet to be manned by 
the support in case the front trench is carried. 


TRAVERSES. 


All trenches arranged for fire in any direction are traversed. 
(See Plate II.) These traverses are 1 yard thick at the surface of 
the ground and as long as the trench is wide, except on the front 
firing trench as noted above. 

In trenches BC and EF.,, the tops of the traverses are as high as 
the firing crest in front, sloping to the rear, in order that they may 
be hidden; but in trenches AB and GH, which are well masked by 
woods the traverses can be made higher than the firing crest, thus 
giving additional protection against enfilade fire, which is needed 
as both trenches slope down hill toward the enemy. 

All passageways around traverses are made of such dimensions 
that a litter can be carried around without difficulty. (See plans 
in Figs. 2 and 5, Plate IV.) 


OBSERVATION STATIONS. 


The commanding officer’s observation station must be so located 
as to command a view of the foreground to the front and both 
flanks. Such a position is difficult to obtain without erecting a 
station of such a height that it would serve as a prominent target 
for the enemy’s artillery. The best solution of this difficulty is 
to locate three observing points of low command (U, V, and W, 
Plate II), connected by a covered way so that the commanding 
officer can pass quickly from one to another. Even such points, 
- however, are on a prominent crest and all openings must be con- 
cealed by screens when not actually in use. (Profile shown in Fig. 
oe Pletenl ye 

Shelter for the commanding officer’s station (proof against 3- 
inch shell) is located at T under the shelter of the woods, and is 
to be built only if time permits. (Plan and cross section shown in 
Figs. 10 and 11, Plate IV.) Two shelters for either orderlies or 
telephone operator are furnished, one on either side of the C. O. 
station. (See Plate II, no detail drawing shown. ) 

Two types of company officer’s observation stations are shown, to 
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be built if time permits, one at X for the right company ob- 
serving to the front and right flank, and one at R for the left 
company observing the left front and left flank. The one at X.was 
drawn back of the trench, as there was no point in the trench, ex- 
eept at E, where the front of both faces could be seen. The one at 
R, though not placing the company commander in the center of 
his command, is at much the best location so far as the view to the 
front and flank is concerned. (Figs. 12, 13, 14, and 15, Plate IV, 
show plans and profiles of these observation stations. ) 


DRESSING STATIONS. 


‘A dressing station is located centrally at D with cover against 
3-inch shell for an operating table, and with sheltered seats on 
either side for those who may be waiting; these shelters to be 
built only if time permits; plan and profile shown in Figs. 10 and 
11, Plate IV. 

. COMMUNICATIONS. 


Communicating trenches F,G and GH, are designed for fire to 
the flank and rear. The covered way WX must be built simul- 
taneously with the observation trench UVW, not only for pur- 
poses of communication, but also for the proper drainage of that 
trench. Trenches BON, PO, and IK, will not be started until the 
rest of the work is finished. (For profiles, see Figs. 16, 17, 18, 19, 
and 20, Plate IV.) 


MACHINE GUN POSITIONS. 


_ The machine guns are located at A and EH, Plate Hl. The first 

covers with its fire an are of almost 280 degrees, commanding the 
left front around far enough to include the obstacle in rear up to 
the entrance. The other at E has an are of fire of about 252 de- 
grees, enfilading an attack on either the front or right flank of the 
work. Plan and profiles of this position at E are shown in Figs. 
21, 22, and 23, Plate IV, designed to accommodate the automatic 
machine gun on the tripod mount, as at present in use by our 
army. 

The design of a machine-gun position with overhead cover, which 
is not visible for miles around, is rather difficult, and especially so 
if the guns must be prepared to shoot down a steep slope. The 
openings or firing slits between crest of parapet and roof are 9 
inches wide; these slits must be effectively screened, when not in 
use, by hinged screens of light sticks covered with long grass, 
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leaves, or bagging of such a color as to blend with the surrounding 
slopes, and prevent the casting of any heavy shadows visible from 
a distance. 

The position at A is not shown in detail, as it would be similar to 
that at E except that as it is masked by the woods, its concealment 
is not of such importance. 


DRAIN AGE. 


The trenches have all been laid out with a view to proper drain- 
age. The high points are at E, D, I, and midway between O and N. 
From these four points the water in the trenches flows both ways, 
passing through gutters (shown in all profiles) to the main outlets 
near B, and at F,; except for the water in trench IK, which flows 
out at L and M. Surface ditches are placed on the slope above 
all trenches to catch the surface water, and prevent it from filling 
the trenches. These ditches, shown on Plate II with dotted lines, 
conduct the surface water to points where it can be quickly earried 
off through the outlets at B and F,,. 


LATRINES. 


The latrines for use at all times except when actually under fire 
_will be located well to the rear outside of the obstacle, probably at 
some such position as marked on Plate II. 

For emergency use during action two latrines are located under 
‘cover, one in each drainage ditch at B and F,. These may take the 
form of two poles as shown in Fig. 24, Plate IV, which would only 
be used in case of temporary occupancy of the work, or they may 
be dry earth closets which would be removed and emptied at night. 


OBSTACLES. 


A wire entanglement is to be located as shown on Plate II; con- 
tinuous around the entire work, at all points under fire from the 
trenches, being drawn in for this purpose to a distance of 30 yards 
in the rear, while its average distance from the firing trenches on the 
front and flanks is about 65 yards. It should be constructed in 
two parallel lines about 10 yards apart, except in the rear. One 
line, of course, being constructed first, and the other line added if 
time and material were available. 

The construction of the entanglement, as shown in Plate II, re- 
quires a great deal of labor and material. It totals about 3,800 
square yards, which with 30 feet of wire per yard, would require 
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Fig. 8 (upper). Field of fire of half-company work on the left of the ravine 
shown in Fig. 9. It will be noted here that the slopes in the vicinity of the 
barn and on up the ravine to this work are well covered by it. The trees in 
the foreground would, of course, be cut down. 





(Fig. 9 lower). View taken from the location of the half-company work on 

the side of the ravine next to the two-company work looking along the 
field of fire of that work. This picture shows in the center the road from 
which Fig. 2 was taken where it crosses the grassy knoll. 
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114,000 feet of barbed wire. Assuming that one man can construct 
2.75 square yards of entanglement per hour, it would take seventy 
men working for two days of ten hours each, to construct the 3,800 
square yards shown. This labor and material can be reduced one- 
half if only a single line is constructed and the extra obstacles 
around the entrance in rear and inside the dead area at E are 
omitted. | 

If material is not available for construction of wire entangle- 
ments as shown, the obstacle will take the form of an abatis with 
the addition of such barbed wire as may be obtained from nearby 
fences. 


CLEARING. 


The woods between the trenches BA, AH, HG, GF,, FF, and 
the obstacle in their respective fronts (see Plate Il), will be thin- 
ned out to such an extent that fire from the trenches will command 
the obstacle. However, a fringe of large trees will be left along 
the edge of the woods, in order to mask the trenches in rear with- 
out interfering with fire from these trenches to the front. Little, 
if any, clearing will be done inside the work. 


MISCELLANEOUS. 


Steps must. be provided for entering the work at Jl, and 
numerous others for the purpose of possible counter-attacks are 
shown in Plate II, and marked 8. : 

The area in rear of the work along the road, which is not cover- 
ed by fire from the gorge trench ANH, may be swept by fire from 
the trench LKM arranged for one squad with overhead cover as 
shown in Fig. 14, Plate IV. This trench is considered of minor im- 
portance, and would not be constructed until the remainder of the 
work is finished. 


ESTIMATE OF TIME FOR CONSTRUCTION. 


The field work described above is designed with a view to comple- 
tion by the troops in two days of ten hours each. The important 
elements of the defense, including all firing trenches, cover for 
supports, positions for machine guns, and a single thin line of ob- 
stacle, could probably be completed the first day. 

A rough estimate of time and working parties for the first day’s 
work is given on the next page. 
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Banal | 
Worki Total ets : 
urenchr eae alias eros Times 

Se In cubic| Per | 

feet. squad. | 
SS oy SS a 4 squads | 3,152 788 9-hrs, Sl min: 
ie et 3 squads | 2,469 823 | 10 hrs. 17 min. 
rh eet ee 6 squads | 4,668 778 9 hrs. 43 min. 
ODS. Jah SS ee 4 squads | 3,292 823 | 10 hrs. 17 min. 
aN SS a 2 squads | 1,750 875 | 10 hrs. 56 min. 
CL 8 4. 6 ks lili Ge 7 squads |5,390 | 770 | 9 hrs. 37 min. 
BRAS POSS LE oh 2 3 squads | 2,484 | 828 | 10 hrs. 21 min. 
MOS OLS C4 Sa re 3.squads:}-2,331 7 2/77 9 hrs. 43 min. 








Total 32 squads, or tava companies for approximately ten hours. 

Note: The position for machine guns would be prepared at A and E by the de- 
tachments serving them, and should be completed at least as soon as the trenches 
given above. 

The time to complete the excavation above is based on 20 cubic 
feet per man per howr, with only four men out of each sqnad 
working, that being the number of tools available. This leaves 
the other four men from each squad, or 128 men, to work on ihe 
obstacle, and to prepare material for overhead cover. 

These 128 men could complete a single line of wire entangle- 
ment, 3 yards wide, around the entire work, a distance of 633 yards, 
in siz hours; assuming that one man could construct 2.75 square 
yards per hour. The other four hours would be spent by the mem- 
bers of each squad in obtaining and placing timber in the overhead 
cover necessary in the trench excavated by that squad. 

Of course, the men in each squad weuld be shifted about, every 
two hours, from the digging to the construction of the wire en- 
tanglement, and vice versa, in order that no one man would be 
kept at excavation for ten hours continuously. In this way it is 
thought that the average of 20 cubic feet per man per hour, the 
generally accepted rate in medium soil, could be kept up as esti- 
mated above and the work placed in a position of defense after 
approximately ten hours work, or at least in one day. 

The auxiliary works needed, such as observation stations, com- 
manding officer’s station, dressing stations, latrines, additional 
communications, surface drainage ditches, additional obstacles and 
flank defense for dead area in rear could all easily be completed 
the second day. 


CONCLUSION. 


This two company field work is not so elaborate as the type 
which would be constructed in provisional or strategical forttfi- 
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cations constructed by civilian labor with two or three weeks time 
at their disposal; and yet it is much more elaborate and propor- 
tionally stronger than the simple standing trench thrown up almost 
in the presence of the enemy. In fact, it is intended as an example 
of the tactical fortwfication to be constructed by troops when pre- 
paring an extended front for immediate defense. The defense to 
be stubborn and possibly developing into the nature of a siege, 
and as the attack progresses the works to be strengthened and 
cover increased accordingly. 

The shape of the work and relative disposition of the trenches 
can not in any way be considered typical. It is simply an attempt 
to illustrate the application of modern principles of fortification 
to a particular problem—that is, the preparation for defense of 
this particular piece of ground, remembering that it is to be only 
a unit in a general defensive line. 


Discussion 





Maj. MCDONOUGH and Capts. BOND and SPALDING 
Corps of Engineers 


The discussion of a practical problem from the map alone is apt 
to be rather unsatisfactory, especially when, as in this ease, there 
are discrepancies in the map. With reference to the slope in front 
of the work the writer gives three graphical presentations, no two 
of which agree, and all of which are at variance with the statement 
made in the text. In Plate I the front slope is roughly 8 per cent. 
or 414 degrees, in Plate II the same slope is shown as 24 per cent 
or 14 degrees, in Plate III it is 19 per cent or about 11 degrees, and 
in the text it is stated to be from 19 to 23 degrees. 

The proper disposition of troops and organization of a dafenmaa 
position depend very largely on the general strategical and tactical 
situation. In this article the general situation is not clearly stated. 
The mission of the force occupying the position is not clear, nor the 
general plan of the commander. The strength and composition of 
the force occupying the entire position is not given, although it is 
evidently at least a field army. The causes leading to the occupa- 
tion of the position are not given, nor the strength and position of 
the enemy. There is no map showing the general nature of the 
terrain, the location of the important strategical points, communi- 
cations, supporting troops, ete. It is not known which army is on 
the strategical defensive, nor whether the defense of the position 
under discussion is to be active or passive. There is no indication 
of the purpose of this defense, nor of the relation it bears to the 
general situation, whatever the latter may be. Engineer officers 
have been repeatedly, and not always unjustly, criticised for organ- 
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izing defenses without due regard to the strategical and tactical re- 
quirements of the situation. Regulations and tactical writings 
are filled with warnings against this mistake, and history records 
many great military disasters which have resulted therefrom—in 
our own civil war, for instance, the Confederate disasters at Donel- 
son and Vicksburg. It is an axiom of the science of war that de- 
fenses designed without due regard to the strategical and tactical 
situation will usually fail to accomplish their purpose. 

This uncertainty as to the general situation makes it difficult to 
intelligently criticise details. Not knowing the situation, we can 
not see the occasion for the all-around defense of a small interior 
sector of a general line of battle, defended by field works. An 
attack from the rear is almost inconceivable in such a situation, and 
if the adjacent portions of the line have been captured by the 
enemy it is doubtful if any useful purpose can be served by two 
companies attempting to hold out after the loss of the general en- 
gagement. In a modern battle of any magnitude the attack will 
ordinarily come from the front, frontal resistance being opposed 
even to the enveloping attack. In fact, the position should be se- 
lected so that this method of attack will be the only one open to the 
enemy. If a defensive line is open to attack from front, rear, and 
both flanks, as well as from interior portions of the line itself, it is 
so faultily located that it would be better to seek a more favorable 
position. The position should be such that the enemy will be forced 
to attack its front, and it is to the development of frontal fire that 
efforts should be directed. 

The disposition and proposed use of troops and artillery on this 
line is not in accordance with American organization and tactics, as 
follows: 

Companies hold out supports, instead of being placed complete 
on the firing line; 

Battalions have no battalion supports, thus the battalion com- 
manders from the outset are largely deprived of any power to in- 
fluence the course of action; 

Regiments have no reserves, thus the regimental commanders 
from the beginning of the action have very little influence on its 
course. By this practice two of the regiments of the brigade are 
immobilized from the outset, and taken out of the hands of their 
commanders. It is by the use of his reserves chiefly that a com- 
mander can influence the course of an action. Here, the majors 
have no supports and the colonels no reserves ; 

The flanks of the brigade have no troops capable of active defense 
within 114 miles, in spite of the fact that the total trench develop- 
ment of the regiment shown (about 800 yards plus traverses), a 
large portion of which is not capable of effective frontal fire, could 
be adequately defended by two battalions, each having one company 
in support, thus leaving the regimental commander a suitable re- 
Serve of one battalion, and immobilizing at the outset on the brigade 
front but four battalions instead of six. 
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In addition to the immobilization of troops it is proposed also to 
immobilize a large number of machine guns. We regard this as a 
serious mistake. On this point Colonel Balek says (Tactics, Vol. I) : 
‘‘In employing machine guns in defense it should be borne in mind 
that they are unsuited for carrying on a protracted fire fight, and 
that the mobility of the machine guns can not be utilized when, 
from the very start they are assigned a sector to defend. In 
general, it will be advisable in defense to keep the machine guns at 
first with the reserve, and to employ them when necessary to rein- 
force the defensive line at threatened points, to prevent envelop- 
ment, to repulse an assault, or to participate in an offensive move- 
ment.’’ With the arrangement proposed intelligent tactical use 
of the machine guns to meet the exigencies of the combat as they 
arise will be impossible. 

The immobilization of the artillery is an even more serious mis- 
take than that of the machine guns. The proper tactical use of 
field artillery requires that it be assembled in large masses (not 
less than a battalion and usually not less than a regiment) under 
the direct control of its proper commanders. If the artillery is im- 
mobilized by being distributed by battery on the line of the infantry 
defenses the control and direction of the artillery fire by the artil- 
lery commanders will be utterly out of the question. It will be 
impossible to concentrate the fire of the artillery on decisive points, 
and it can exercise no influence on the course of the action. The 
woods in which the battery shown on Plate I is located will probably 
greatly interfere with shrapnel fire, causing premature explosions, 
menacing the safety of the troops and betraying the position of 
the guns. It is evidently not contemplated to take any advantage 
of the relatively great range of these guns; the author, by so 
placing them, has turned his artillery into machine guns. Inei- 
dentally, they will also draw fire on the infantry near them, which 
is one of the reasons why the placing of infantry and field artillery 
in the same works is not ordinarily considered good practice. The 
remarks concerning the 3-inch guns apply with even greater force 
to the battery of 4.7-inch guns shown on Plate I. The range and 
power of these guns is so considerable, and the advantages result- 
ing from their concentration under one control where their fire 
can be properly directed on decisive points is so great, that is it 
inconceivable that these advantages should be deliberately sacrificed 
by distributing these high power guns by battery within 400 yards 
of the infantry defenses, where they would exercise little more 
influence than machine guns. It is stated that the attacker is pro- 
vided with nothing heavier than 3-inch guns. The possession of 
this heavy artillery should therefore give the defense an enormous 
advantage, if their fire were properly controlled, directed, and con- 
centrated. It might be possible to prevent the attacker’s artillery 
from coming into action within its effective range at all, or to crush 
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it it if it did so. The attacker’s preliminary dispositions for the 
assault could also be greatly embarrassed by long range fire which 
his weaker ordnance would be utterly unable to check. These ad- 
vantages will, however, be greatly diminished, if not entirely sacri- 
ficed, by a useless dispersion of these high power guns practically 
on the line of the infantry defenses, where also they are greatly and 
unnecessarily exposed. 


The obsession of closed or half-closed works, and continuous 
parapets has caused the author to sacrifice frontal fire, to fail 
to properly cover his foreground, to immobilize his troops, machine 
guns and artillery, to expose a deep and vulnerable target to 
artillery fire, while arranging at the same time to draw this fire 
upon himself. These mistakes, for as such we regard them, are 
illustrated in all his dispositions, but especially in the two two- 
company works on the center and right of that portion of the line 
shown on Plate I. 


LOCATION AND LENGTH OF FIRING TRENCHES. 


The problem which the author has set himself is not to dispose 
his troops and prepare his defenses in such a manner as to effective- 
ly defend a given front with the minimum number of men, which 
is the essence of the defense, but to see how many men he can crowd 
into the firing trenches on a certain hill. 

After laying down a trench which he believes will effectively 
cover the foreground, the author is confronted with the problem of 
immobilizing his superfluous troops (?). After crowding them 
as much as possible he still has men on hand, and being determined 
to have no regimental reserves but to place the entire regiment in 
trenches, he discovers two methods of accomplishing this unde- 
sirable end: (a) To lengthen his trench by placing it below the 
elevation he deems proper, thereby reducing the effectiveness of 
his fire, or (b) To extend the flanks of the trench to the rear, which 
he knows to be wrong. The troops in these extended flank trenches 
add little to the effective frontal fire, with which the enemy’s ad- 
vance must be met, but they furnish an excellent target for the 
hostile artillery. We propose a third solution, (c) Put as few 
men in the trenches as required to adequately defend the assigned 
front, and utilize the remainder where they are most needed—that 
is, as mobile local and general reserves under the higher com- 
manders. Herein lies the essence of our criticism of this paper. 
We assume, in the absence of exact information on the point, that 
an active defense is contemplated, for such would be the usual case. 
What then, is the object of fortifications in the active defense of a 
position? To increase the effect of the defender’s fire while dimin- 
ishing the effect of the attacker’s fire, in order to economize men 
on the firing line and in support, to the end that the defender may 
hold in hand large reserves for the decisive stages of the action and 
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for counter-attack. An active defense then, is characterized by 
the minimum firing line and support and the maximum mobile re- 
serve. The author uses his fortifications for the very reverse of 
the purpose we have stated—to occlude or uselessly bury as many 
as possible of his trcops. 

The author has some difficulty with a dead space of about half 
an acre just in front of his work. If the defense were properly 
organized the attacker would probably never reach this point. 
Dead spaces are covered by a sub-division and distribution of force. 
The author either overlooks or chooses to ignore the fact that this 
so-called ‘‘dead space’’ is covered by the fire of the works just to 
the right, and at point-blank range. The problem was so easy that 
it solved itself, or rather there really was no dead space at all, only 
a bugaboo. We are glad that the author resisted the temptation 
to distort his fort in order to guard against this imaginary danger. 

The author several times refers to the flanks of his work and is 
concerned with measures for their defense. It is evident from this 
that he does not regard the position as part of a general line of 
defense, since an interior portion of such a line ean hardly be said 
to have flanks. He is contemplating an all-around defense, such 
as might be made by a small party of frontiersmen overtaken and 
surrounded by Indians. In a modern battle, however, it is out 
of the question to make every rifle trench capable of all-around 
defense and it would be an utter waste of time to attempt such a 
thing. Each section of the line supports and is supported by the 
sections adjacent to it. The works are so disposed that the front 
of the position is covered by frontal and oblique fire. So far from 
attempting to provide all-around defense it may be that some of the 
works can not even cover their own immediate fronts. In such 
cases provisions are made to protect such ground by the fire of 
adjacent works. This method of covering the foreground by a 
proper subdivision and distribution of troops and defensive works 
is one of the secrets of successful defense. The other great secret 
is the use of strong mobile reserves capable of being quickly con- 
centrated on threatened points. In cur judgment, the author has 
attempted to organize a defensive position with little or no regard 
for these most important principles. We have already referred 
to his methed of using artillery whereby he does not allow the 
fullest possible scope to his own defensive weapons. 


LOCATION OF SUPPORT TRENCHES. 


The author seems to have a misconception of the use of supports. 
They are not generally employed to reinforce the firing line, but 
to replace casualties therein. It is not usual to hold out a portion 
of a company as a support—companies are sent complete into the 
firing line. Supports are not used for delivering counter-attacks— 
this is the function of the local and general reserves. In this ease, 
the author has provided no regimental reserves. His dispositions 
of his support trenches are considerably influenced by the fear of 
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an attack from his rear! Dead spaces in the foreground may in- 
deed be a cause for grave concern, but sheltered space in rear of 
one’s line is generally spoken of as cover, and is supposed to be an 
advantage to the defense. Liable to be attacked in front, on either 
flank and even in rear, the defenders of this work are indeed in a 
trying situation. 

Profiles of Firing Trenches. If the front slopes are actually 19 
to 23 degrees as the author states, this is steeper than is desirable 
for fire trenches, except for long range fire. 

Dressing Station. Our authorized medical organization does not 
contemplate a dressing station with operating table and other facili- 
ties for each two companies. Neither does it contemplate the per- 
formance of operations on the firing line. In case of a siege 
special dispositions would, of course, be made to meet the special 
situation. The aim of the sanitary organization is to evacuate all 
wounded to the rear as rapidly as possible. Hence at each sue- 
cessive station each man receives only such attention as is necessary 
to insure his safety while being moved back. On the firing line a 
man certainly would receive nothing more than first aid. Even at 
the regimental stations he would ordinarily receive only such 
attention in the shape of dressings as necessary before he was trans- 
ported still further to the rear, although in a defensive position 
which was to be occupied for several days arrangements might be 
made to perform certain operations at the regimental stations. Two 
principal considerations determine the organization and methods of 
the sanitary service; viz: tactical and humanitarian. They unite 
in the demand that the wounded shall be evacuated as rapidly as 
possible to the large and fully equipped stations in rear. If each 
two companies were provided with a sanitary personnel and equip- 
ment sufficient to perform operations in the support trenches, as 
proposed by the author, the sanitary organization of the army 
would be a huge and unwieldy device which, instead of facilitating 
the tactical operations of the army, would be a drag on them. Such 
a distribution of the sanitary units is in line with the author’s use 
of artillery to which we have referred. 

Communications. The author is aware that closed redoubts, con- 
taining infantry and artillery are, except in very special cases, not 
nowadays in favor. He has therefore entitled his article, ‘‘A 
Two-Company Field Work.’’ But what has he done? Has he not 
produced a deep closed work, delivering fire on all azimuths, and 
crowded with infantry and artillery? One face of this work he 
calls a ‘‘communicating trench,’’ which, he says, ‘‘is designed for 
fire to the flank and rear.’’ The change of name should not deceive 
him. This ‘‘communicating trench’’ is one of the faces of a 
closed redoubt. 

Obstacles. The author says at the opening and again at the close 
of his paper that this study concerns a unit only, of a general 
defensive line. Yet he wants 21 miles of wire furnished for this 
100-yard front of a long, general battle line. On this basis how 
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much would he use for his entire line, and where is all this wire 
to come from? 

Time for Construction. The author assumes the output of a port- 
able intrenching tool at 20 cubic feet per hour. We believe this to 
be excessive for a single hour. For sustained work it is altogether 
too high, even with relefs, which are apparently not contemplated. 
It is proposed to work the men ten hours a day without relief. In 
an emergency well-disciplined soldiers will do this, without com- 
plaint, but their output would be greatly diminished. If the 
commander will give them no rest they will take it themselves. 

The author has performed a valuable service to the profession in 
the attention he has given this problem, and in the presentation of 
this paper. The study of his work is profitable because he has ex- 
hibited in a single article virtually all the mistakes which are 
charged against what the French call thé ‘‘polygonal’’ school of 
fortification. This 1s a: study heretofore too much neglected by 
American engineers, and discussions on the subject must of ne- 
cessity be beneficial to all. It will be apparent from these eriti- 
cisms that the writers completely and frankly disagree with the 
author on most of the fundamental principles involved. The dif- 
ferences of opinion are too great to be harmonized. One party or 
the other is entirely wrong. Which? 


Col. JOSEPH E. KUHN 
_ Corps of Engineers 

When employed in military operations, field works must conform 
to strategical and tactical requirements. The situation assumed in 
the present case is such that a large force, consisting of several 
divisions, finds it convenient for its purpose to take up a defensive 
position for the preparation of which two days are available. The 
particular section of this defensive line under consideration is the 
right half of a brigade sector, upon which one full regiment of 
twelve companies has been disposed in defensive works. 

As shown in Plate I, the general line of works occupies the high 
eround bordering a valley, the floor of which, as marked by the 
stream, is 1,000 yards, more or less, distant from the line of works, 
with fairly open ground between. This constitutes a favorable 
defensive position, and the general location of the line leaves 
nothing to be desired. 

The regimental front, measured between extreme works, is 2,000 
yards, along which are placed eight separate works, calling for 
garrisons of from one-half to two companies each, located on all 
available spurs. While such a disposition will unquestionably give 
a most effective fire on all the foreground, it absorbs the entire 
twelve companies of the regiment, and leaves the regimental com- 
mander no reserve, the nearest troops for this purpose being the 
brigade reserve, which is some 2,000 yards distant from the right 
of the brigade sector. 

While the tactical situation may be such as to require the regi- 
ment to defend a front of 2,000 yards, not an unduly excessive 
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front, the dispositions of the companies of the regiment imposed 
by the defensive works is open to criticism. To deprive the regi- 
mental commander of all reserves whatsoever practically eliminates 
him from the conduct of the fight in which his command may be- 
come engaged. Similarly, the absence of battalion reserves from 
the battalion groups leaves the conduct of the defense to the com- 
manders of each of the works, with no means for actively support- 
ing one another. 

The tactical defects noted in the disposition of the troops can be 
readily overcome in several ways, either by reducing the size of the 
garrisons, thus setting free battalion and regimental reserves, or, 
the better way, reducing the number of works, or by a combination 
of the two. 

As now located, the works would appear to be unnecessarily close 
together, the greatest interval being less than 400 yards, and the lay 
of the ground being such that a good defense can be over inter- 
vening ground with wider spacing. Thus, the two-company and one- 
company trenches between the extreme right flank work and the 
two-company work in the center might well be suppressed, as the 
ground is well covered otherwise. Similarly, on the left of the line, 
one of the two-company works may be omitted or replaced by one- 
company works. Likewise, the ravine for which two one-half 
company works are specially provided would appear to be suffi- 
ciently covered by the adjacent works. 

The diminution in number of works, as above suggested, will 
probably result in some small dead spaces, but it is too much to ex- 
pect that every square foot of ground in normal terrain can be 
reached by direct fire. Moreover, when the attempt to do this re- 
sults in immobilizing the entire command and robbing the com- 
mander of the troops of every possibility of taking the initiative, it 
is not believed to be a safe procedure. The troops in the fire and 
support trenches are necessarily tied to their works; are, in fact, 
what their names imply, simply garrisons, and can not do more 
than defend their own works. With the disposition shown, the 
entire regiment is immobilized, and the possibility of an active de- 
fense, now recognized as indispensable, is out of the question. 

Passing now to the technical features of the two-company work 
under consideration, they are in the main excellent and well planned 
to meet the requirements now deemed necessary. <A work of this 
character would be very hard to damage seriously by artillery fire, 
either from light or heavy guns, owing to the dispersion of the 
trenches and accessories, and the insignificant targets offered. The 
details have been well considered, and while opinions may differ as 
to some features, the work as a whole is thought to be very satis- 
factory. 

It is fairly open to argument whether the fire, communicating, 
and support trenches with a single line of entanglement could be 
completed by the garrison in one day of ten working hours. While 
the earthwork tasks are not unreasonable, there is a very large 
amount of covered construction requiring much timber and framing. 
Even assuming that there are sufficient cutting tools available to 
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supply this, its placing and covering will call for rehandling much 
of the earthwork. It is always well in the field to allow an ample 
margin of time for the execution of field works, which are executed 
under conditions widely different from the drill ground. It is also 
well to bear in mind that it does not pay to overwork men on the 
eve of a fight, and that due regard must be paid to the conservation 
of the physical and moral forces of the soldier. 

While the task set the two companies assigned to the construction 
of the redoubt is probably somewhat excessive, there 1s no reason 
why the work should not be finished in the two days supposed avail- 
able. By reducing the number of works, details from the regiment- 
al and battalion reserves, or even from the brigade reserve, can be 
called upon to assist and to lighten the labors of the garrison, which 
should be done if necessary. 

The site selected for the 4.7 battery is a good one, as far as the 
battery itself is concerned. It is, however, deemed desirable to 
separate even more completely the artillery and infantry defense, 
by placing this battery farther to the rear, if suitable positions near 
roads are available. The long range of these guns enable them to 
be placed with great freedom without danger of sacrificing their 
_ efficiency. | 

Field problems of this character afford excellent training for 
engineer officers, and convey knowledge impossible to acquire from 
books. Rarely will it happen that actual topographical features 
permit of the complete realization of theoretical principles. It is 
in the adaptation to actual ground forms that one learns the limi- 
tations of fortifications, as well as their possibilities. 


Maj. W. W. HARTS 
Corps of Engineers; Member American Society 
Civil Engineers 

The analysis of the problem of field entrenchment submitted by 
Captain Wilby seems carefully studied, but it is feared that the 
influence of the redoubt, or the old pattern of closed work, has 
been rather too strong in the design of the two-company field work 
proposed by him. Although there may sometimes be found posi- 
tions requiring a work of this nature, it does not appear that the 
case presented is one where the type of work suggested is in any 
way desirable. This work is a part of a continuous front of a 
' brigade in line, and is not an isolated entrenchment. 

From the small scale map it is seen that the site, together with 
the salient hill, about 1,000 yards to the northwest, and with the 
hill about the same distance to the northeast present points where 
fortified pivots or supporting points for one or two companies 
each might be placed. The ground is found to be suitable upon 
examination, and these points can be definitely established as 
reasonable locations for supporting points. The portion of the line 
between must then conform to these guiding features. 

The hill selected by Captain Wilby for the two-company work 
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seems very cramped for so large a force as 256 men, unless the 
trenches are spread over more area than he indicates. It is usually 
desirable to have the front of any position accessible from other 
points of the line, and for this purpose connecting trenches are 
usually necessary along the front. They can often be placed 
where the section reserves or even general reserves may occupy 
them if found necessary to resist a specially severe assault. 

This proposed work is to occupy the crown of a conspicuous hill 
in the edge of the wooods, the front slope of which is plowed and 
bright in color; it affords an easy target for distant artillery, visible 
from nearly every dominant point on the opposite ridge, which 
sooner or later will be open to the hostile artillery. The large num- 
ber of men stationed on the crest of the hill would very lkely make 
the casualties unduly large, notwithstanding the artificial cover 
proposed. 

The shape of the work is longer in the direction of the enemy’s 
fire than it is in a direction parallel to its own front, and most 
authorities now agree that such works should be as shallow in the 
direction of the enemy’s fire as practicable. There is a lack of 
trench room for frontal fire, thus cramping the offensive power of 
the work. A shallow plan is better for the development of such 
fire, as well as for the better protection of the garrison. Both 
flanks, as proposed by Captain Wilby, would be exposed to a raking 
fire and even though concealed in the woods much damage might 
result. 

It seems doubtful whether the location of the machine guns is the 
best available. The advance position at E is decidedly exposed 
and would probably be attacked and. silenced at once by distant 
artillery the moment it opened fire. Better positions would be 
somewhere on the flanks or on adjacent noses. The artillery posi- 
tions for the battery of 3-inch field guns are also too far to the 
front and too near to the infantry trenches. Artillery may always 
be expected to draw the artillery fire of the opponent, and if 
placed too near infantry positions may cause unnecessary losses. 
It should be withdrawn to the northwest and kept together. 

Furthermore, the proposed field work seems to be needlessly 
complex, entailing more work than necessary. There are too many 
trenches and too many varieties of trenches. There are eighteen 
different profiles proposed. Simplicity is well believed to be a de- 
sirable thing in all engineering construction and particularly in 
field fortification. 

A rough sketch is sent (p. 457) showing a suggested new ar- 
rangement of trenches, having in view the simplifying of the de- 
fense of this hill. It is thought that the woods should not be 
altered, except for an observation station on the crest of the hill, 
perhaps on a platform in a tree. The reserves should be held in 
rear of the hill, more than the depth of a shrapnel pattern from the 
front edge of the woods. A continuous trench along the adopted 
front seems necessary, part of which should be provided with over- 
head cover for perhaps one and a half companies in all. If one 
platoon only is on duty in the trenches before an attack is threat- 
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ened, the other platoon in support can prepare cover for itself 
somewhere behind the hill, near the main support. Barbed wire 
entanglement should be built wherever the work is easiest, without 
reference to straight lines, but it should not be placed closer to the 
firing trenches than about 50 yards, certainly not a less distance 
than a hand grenade can be thrown, and, of course, it will be 
always placed where it is under fire. 

The trenches suggested herein are less compact, less conspicuous, 
and can probably be put in order for some fair measure of defense 
in very much less time and with much less work than those proposed 
by Captain Wilby. Would they not answer the purpose of pro- 
tecting the troops better and of developing the maximum fire of 
the garriscn more effectively ? 


Maj. WM. D. CONNOR 
Corps of Engineers, General Staff; Member American 
Society Civil Engineers 

In connection with Captain Wilby’s interesting discussion of the 
disposition of the half brigade, my differences of opinion are 
largely in details. 

I submit herewith Fig. A (p. 461), my idea of the disposition of 
the regiment on the half brigade front shown. It seems as though 
an additional supporting point were necessary on the spur at the 
west end of the line, and I have shown a two-company supporting 
point there. I may be influenced in this decision by my knowledge 
of this particular section of the terrain, but I have endeavored to 
use only such information as is given on the map. The line I have 
selected is slightly lower down the slope than that chosen by Cap- 
tain Wilby, and this location gives trenches more nearly straight 
and parallel with the general front than those of Captain Wilby’s, 
and they yet are high enough to cover all the foreground. 

I have not shown any support trenches, for, with the woods so 
close in rear, they did not seem necessary ; but I show locations for 
battalion supports in rear of each battalion. Very properly, Cap- 
tain Wilby shows trenches for all of the companies. At least twelve 
such sections of trench would be constructed for use when all the 
regiment was placed in the line; they would not all be occupied at 
first. The system of supports and regimental reserve would prob- 
ably differ for the same ground with different regimental command- 
ers. It is believed that there would be less mixing of different 
battalions and less marching involved in reinforcing the line by 
using the three battalion supports shown in Fig. A, but many 
officers prefer to hold out one battalion for a regimental reserve 
-and assign the regimental front to the other two battalions, each 
of which will hold out one company as a support. However, this idea 
does not affect in any way the location or number of trenches along 
the front. Captain Wilby shows no obstacles in Plate I; they are 
easy to construct and may be of great value. 

The machine guns are supposed to work in pairs, and have been 
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so assigned in Fig. A. Each location should be prepared with 
two two-gun positions, so that both guns can be used in either posi- 
tion if desired; they are placed in retired positions, so as to be less 
exposed to artillery attack. From these positions they are ex- 
pected to be used against the flanks of advancing lines. Captain 
Wilby’s positions seem too exposed and too open to the enemy’s 
artillery, which will seek them out at the earliest possible moment. 

I submit in addition sketch (Fig. B, p. 462) showing my ideas in 
regard to the supporting point. The trenches indicated give a 
greater frontal fire, and an equal fire to the flank and rear. 

It is believed that the amount of work involved is no greater than 
in Captain Wilby’s plan and that the work is of a simpler char- 
acter. 

The trench line AB, D!E’, and the front of BCD, will be oceu- 
pied during the early part of the attack by about half of the garri- 
son, the remainder being in the rear trench GH as a reserve. 

If a close flank attack develops, the troops in AB and D*E? will 
90 into BCD and DF and BH and the troops in GH will extend into 
FD and HB. The last two-mentioned sections of trench will not 
be oceupied until the flank attack becomes so close that the enemy’s 
artillery must raise its fire to avoid hitting its own men. 

A study of Figs. 5, 6, 16, 17, 19, and) 20)3F latem one 
to the belief that advantage has not been taken of the fact that all 
the position north of the wire fence hes in the woods and that 
sufficient concealment comes from the trees and brush. As far as 
practical, everything within those woods should be built above 
the ground level to avoid the troubles and discomfort arising from 
water in the trenches, and the small amount of room in excavated 
trenches. This can be accomplished by taking the earth for the 
trenches from in front of them. 

The work required for the bombproofs GQ and BP in Plate II 
of Captain Wilby’s plan might very readily have been combined 
with that necessary to construct the trenches and cover shown from 
A to H of same plate. The troops therein would still be suffi- 
ciently close to the firing line, and the shelter for the reserves would 
be combined with the trenches for firing to the rear. In Fig. B, 
GH is not only a shelter for the reserve, but is also built to afford 
a trench firing to the rear. 

The trench BCD, Fig. B, will have a cross section the same as 
shown by Captain Wilby in Fig. 1 (Pl. IV). As far as practicable, 
the trenches AB, BH, and F'D are to be constructed on top of the 
eround from a ditch in front of the parapet. There is no need of 
concealment, as they lie in the woods and the parapets can be as 
high as desired. This kind of parapet avoids wet trenches during 
and after rainstorms, and gives the increased room mentioned 
above. 

The cross section of the trench GH, Fig. B, will be similar to that 
shown in Fig. 7 (Plate IV) if time permits. This cross section 
permits of greater comfort than can be provided by eross section 
shown in Fig. 6 (Plate IV), which would be constructed first if time 
was limited and could later be enlarged to the cross section shown 
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in Fig. 7 (Pl. IV) when time was available. Shrapnel will surely 
burst on entering the woods and shells probably will, so that pro- 
tection against splinters and shrapnel is all that is necessary. Pro- 
tection against howitzer fire is impractical and unnecessary in field 
fortification. 

It is not beheved that overhead cover is desirable along the 
front BCD, Fig. B. It would be plainly visible and none of the 
advantages of loop-holes or head-cover could compensate for thus 
advertising the location of the work. Absolute concealment of the 
works at this point is necessary, inasmuch as the hill is exceedingly 
conspicuous and draws attention of itself without any visible 
works. The only head-cover believed desirable would be at IL, Fig. 
B, a small trench used to cover the dead spaces in the adjacent 
ravines. In this trench head-cover seems necessary and allowable. 

The 3-inch guns shown in Plate I appear to be too far to the 
front for an original position. I should prefer to have them on 
the open ground back near the road, as shown in Fig. A; from, 
there they would fire by indirect laying along the front some dis- 
tance to the right and left, while the immediate front of this 
brigade would be similarly protected by artillery fire from some 
other part of the line. The position shown by Captain Wilby 
would be better suited for a final position, in case of a stubbornly 
resisted attack where the artillery was brought up to the infantry 
line for direct firing. But, even in that case, it is an open question 
whether they would not lose more by moving at the critical time 
than they would gain from the new firing position. 

The 4.7 guns have such a long range that they can well be located 
farther to the rear, and some place north of the road can be 
found for them. Such a site would be outside the limits of the 
map and so can not be discussed. 








Lieut. Col. THOS. B. DUGAN and Maj. DE ROSEY C. CABELL 
. United States Cavalry 
This paper has been considered under the following heads: 
. Should a supporting point be located at the point selected ? 
. Character of work. 
. General plan. 
. Loeation and length of firing trenches. 
. Location of support trenches. 
Profiles of firing trenches. 
. Profiles of support trenches. 
. Traverses. 
Observation station. 
. Dressing station. 
Connecting trenches. 
. Machine gun positions. 
. Drainage. 
. Latrines. 
. Obstacles. 
. Clearings. 
. Conelusions. 
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a. Should a supporting point be located at the place selected ? 


Assuming that there should be at least one supporting point on 
each regimental front, the location chosen for this supporting point 
seems the best. It is a salient, the only salient projecting beyond 
other lesser ones on the line and it therefore best supports with its 
fire the locations of the other trenches which must be occupied 
by the regiment. 


b. Character of work. 


The observations in the paper under consideration are approved ; 
the work should be constructed to resist field artillery only—later 
being strengthened. 


e. General plan. 


It does not seem necessary nor desirable to make this a closed 
work. A firing trench somewhat lower down on the slope would 
give more fire on the enemy. Add to this a shelter for the supports 
behind the crest and a short connecting trench, and no others are 
considered necessary. 

No rear fire would be necessary unless the enemy breaks through 
the lines, and if he succeeds in doing this in force the field of fire 
that can be obtained here is so limited and the ground that would 
be occupied by the enemy is so commanding that the place could 
not be held. It is therefore considered better to allow for as much 
fire to the front as possible, with a view to preventing a breaking 
through of the enemy in force. Should a small party break 
through, the supporting trench alone with fire to the rear will be 
sufficient to hold the place. This solution is simpler than that 
proposed and is considered better. 


d. Location and length of firing trenches. 


It is considered, as indicated above, that the firing trench pro- 
posed is too short, and as it can not be made longer except by low- 
ering its position on the slope, that it should be lower down. The 
location recommended is shown on Plate II by the red line (same 
as main firing trench from A’B’C’ on illustration accompanying 
Major Hart’s article [see Fig. 10, page 457]|—Ed.). The length 
of this trench is, front, 85 yards; left flank, 45 yards; right flank, 
00 yards; total, 180 yards, whereas the length of the firing trenches 
shown in the paper submitted is but 159 yards. It is thought that 
the lower trench has sufficient command and the dead space near E 
is eliminated. 


e. Location of support trenches. 


The location of the support trench is approved. If the work is 
not closed, this trench should be about 80 yards long. 


f. Profiles of firing trenches. 
The different profiles adopted in the paper are considered un- 
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necessary. One profile only, that of a simple standing trench is 
recommended. The men who will construct these trenches are 
probably not trained engineer soldiers. An overhead cover should 
be made if practicable later. 


2. Profiles of support trenches. 
The support trench shown in Fig. 6, Plate IV, is approved. 
h. Traverses. 


The question of traverses has been duly considered and well 
solved. However, should time permit some of the woods on the 
' flanks and in the rear should be removed to improve the field of 
fire in those directions. This is almost imperative to the rear. As 
the woods form a curtain against which the burst of the projectiles 
of the enemy is readily observed, they should be allowed to remain 
standing only in event that they are regarded to be of necessary 
service for concealment. 

There seems to be no good reason for making the passageways 
around the ends of the traverses so broad, as the distances within 
the work are so short that a wounded man need not be put on a 
litter to remove him to the first-aid station in the work. 


i. Observation stations. 


lt is thought that sufficient provision is made for the command- 
ing officer’s supervision in the location of the three observing 
points. With the sheltered station at T temptation is offered the 
commanding officer to take up this safe position in which he will 
not come in personal contact with his men, a condition that should 
lessen the time that a determined resistance in the supporting 
point will be made. 


k. Dressing station. 


No dressing station should be established so far to the front. In 
consequence, a place for an operating table in the work will not be 
needed. A first-aid station might be established for the work at 
the place designated for the dressing station, but even this es- 
tablishment, so far to the front, is open to objection. It would be 
of very lmited usefulness. 


1. Connecting trenches. 


The provisions for such trenches seem to be adequate and 
their profile satisfactory. 


m. Machine gun positions. 


The location of the machine guns at E is regarded as excellent. 
The position at A, however, is not regarded as good, on account 
of the limitation of the field of fire that results from the standing 
woods. It is thought that a position near C would be a better first 
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position for the gun at A. The usefulness of the arm is much eur- 
tailed by the disposition made of it. 


n. Drainage. 
The means for drainage provided are necessary and adequate. 


o. Latrines. 
These are sufficient and well placed. 


p. Obstacles. 

The question of obstacles is well considered and solved. 

q. Clearings. 

It is thought that if time permits, all woods except such as are 
necessary to mask features of the work should be removed. ‘This 
is particularly so to the rear of the work, where the sharp rise of 
the ground gives command of it within 500 yards. 


r. Conclusions. 

The work under consideration is regarded as being too elaborate. 
In it there are profiles of nineteen different forms, many of which 
would require in construction the superintendence of officers or 
enlisted men with greater technical ability than that possessed by 
the officers and enlisted men to whom this would in the ordinary 
case be entrusted. 


Maj. M. L. WALKER 
Corps of Engineers; Member American Society 
Civil Engineers 

Captain Wilby’s paper on a ‘‘Two-Company Work,’’ treating, 
as it does, of the defensive organization of an actual sector of 
terrain, as opposed to a purely theoretical demonstration, is worthy 
of much commendation, since it indicates the route over which all 
must travel to obtain real knowledge of the subject of field fortifiea- 
tions. This subject has been largely neglected by American mili- 
tary engineers, and articles leading to its discussion must be bene- 
ficial to the service. 

It is generally accepted that field fortifications must conform to 
the plans of the supreme commander, and must not be so designed 
as to unduly influence his action. It is to be regretted that in 
Captain Wilby’s paper the military situation is not given in suffi- 
cient detail to permit a discussion of the dispositions from this 
viewpoint. 

In the time at my disposal since the receipt of the advance copy, 
it has not been possible to make a thorough critical study of the 
paper, but certain features have at once struck me as not being in 
agreement with the present generally accepted principles of tacties, 
to which all fortifications, if they are to be of maximum efficiency, 
must conform. 

There is no difference of opinion among military men as to the 
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soundness of the dictum that ‘‘the offensive alone secures decisive 
results.’’ The organization under discussion shows practically a 
continuous line of infantry trenches—the regiment having placed 
all battalions in the line, and each battalion having assigned all 
eompanies to the fire trenches, the companies individually holding 
out supports. The regimental commander having no reserve in 
hand, is eliminated from any control of the action, and the bat- 
talion commanders, having no supports subject to their orders, 
are in the same plight. Consequently, the fight becomes a company 
commander’s affair and no opportunity for offensive action, how- 
ever brilliant the possibilities, can be taken advantage of, owing 
to the lack of general direction. 

From the map, there is no reason apparent why two battalion 
supporting points should not satisfactorily cover the sector under 
consideration. Had this been done, the majors holding supports 
under their orders and the regimental commander having the 
remaining battalion under his control, the tactical requirements 
would have been met, and means would have been provided for 
passing to the offensive should opportunity offer. 

In the sector under discussion, nine machine guns are emplaced. 
It is generally believed that six machine guns is the maximum suit- 
ed to a regiment, and our Service deems that even less than this 
number should be so assigned. The troops at disposal in the problem 
are supposed to be in the field with their ordinary equipment, and 
it is thought that an element of unreality is introduced into the 
solution when their probable armament is exceeded. 

The use of an entire battery of field artillery as a ‘‘stabbing 
battery,’’ for sweeping the regimental front, is deemed extremely 
objectionable. The number of guns in a command will scarcely 
exceed 4 per 1,000 men, and any such use of them as set forth in 
the paper under discussion will practically fritter away the artil- 
lery without attention to its legitimate function of distant defense. 
This use of artillery is exceptional—as, for instance, to cover a line 
of approach for the enemy which it is otherwise difficult to care 
for. The term, ‘‘stabbing battery,’’ is rather catchy and is apt to 
make one forget that guns so used are out of the general action, 
and if the special necessity for which they are emplaced does not 
arise they play no part. 

The location of the battery of 4.7-inch guns within 400 yards of 
the firing line is open to objection. These guns, while capable of 
being moved, are scarcely mobile artillery, and advantage should 
be taken of their long range to place them where they will be 
effective and still comparatively safe. The paper contemplates the 
possibility, nay, even the probability, of the line being pierced, 
and the occupation of the high ground in rear by hostile troops. 
In this event, what becomes of the 4.7-inch guns? 

To pass now to the ‘‘Two-Company Field Work,’’ we find several 
features to which exception is taken: 

a. In the state of excessive anxiety about the flanks, frontal fire 
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has been sacrificed to a most objectionable extent, only nine squads 
out of thirty-two delivering fire where it is really most desired. 
The protection of flanks should properly be secured by the echelon- 
ing of troops to the rear, desired volume of frontal fire being there- 
by retained. 

b. The extension of the flank trenches, together with the closure 
of the work and the practical emplacement of field artillery there- 
in, presents exactly the kind of target which will please the hostile 
artillery, be disastrous for our side, and which violates the generally 
accepted ideas that guns should not be so placed as to draw fire on 
infantry and that the depth of target presented should always be a 
minimum. 

e. Defense of intervals and rear is arranged for as if this were 
an isolated work, no reliance apparently being placed upon the 
eooperation of adjacent works, nor upon the action of reserves. 
This last, of course, is natural since no local reserves were provided. 

The criticism has often, and sometimes justifiably, been made 
of the defensive organizations of engineers, that tactical require- 
ments have been ignored; that the view of the engineer has not been 
sufficiently comprehensive. Fortifications, especially in the field, 
are not a thing apart, but are merely one of the elements of the 
military art. Their use is at times indispensable, but they must 
always bear their proper relation to the other constituents which 
go to make up a Satisfactory military whole. It appears to the 
undersigned that the paper under discussion is particularly valu- 
able in bringing these facts into prominence, and that a critical 
study thereof will be of great benefit to our branch. 


Maj. CHARLES GERHARDT 
United States Infantry 


In consideration of the two-company Wilby field work, the fol- 
lowing points offer: 


1. The details are too complicated for easy construction by 
troops. The type should be simple and with few refinements. 

2. The trace gives too little frontal fire in proportion to interior 
area covered and amount of work involved. 

3. Traverses take up too much room. Not more than one for 
every two squads seem necessary and probably less would serve in 
the frontal element. 

4. The geometric straight line for wire obstacles is not favored. 
A sweeping curve seems better. 

5. A lower position on the hill is thought better for the trace, 
first fixing the frontal fire trench favorably, then extending by a 
communicating trench (improved for firing) on the refused flanks, 
with a support trench straight across the rear for cover and for fire 
to rear. Wire obstacle all around. 

6. Placing a machine gun at E to cover a dead area with a de- 
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flector in front seems not so good as covering the dead area by fire 
from a neighboring trench. 


SUMMARY. 


A work constructed by troops is almost certain to be divested of 
complicated details that are usually present in a theoretical study, 
hence it is reasonable to recognize the fact in working out the study 
and strive for simplicity. 


Maj. LYTLE BROWN 
Corps of Engineers 


1. There are very few criticisms that can be made of the two-com- 
pany work as it has been laid down. It would be the most visible 
work on the front and would attract much field artillery fire, but 
the assumption as to the caliber of the opposing guns robs them of 
most of their power to harm the work, as it would stand in accord- 
ance with the plans shown. There are some minor points about 
the work that may be it would be well to consider. The latrines, 
if intended for the work, should not be outside the obstacle. The 
dressing station is so contracted that the seats should be removed 
therefrom ; facing the operating table, as they do, at a distance of 
2 feet would make them not a good place for wounded men in 
waiting. The wire entanglement on the near side of the dead 
space off the S.W. salient would be of more service if used to 
thicken the obstacle on the far side of the dead space. Great care 
should be taken that there is sufficient head room under the over- 
head cover of the firing trench, particularly where the immediate 
foreground falls away rapidly; it should not be much under 6 feet. 
While the two machine guns are well placed at diagonally opposite 
corners of the work, it would be well to have other and differently 
located emplacements prepared, into which they could be placed, 
the one in the woods might not come into action when much needed 
or when the other had been disabled. The kind of soil into which 
the exeavations for this work are made is not mentioned; there 
are many steep slopes and, in some instances, the crests of these 
slopes bear large weights due to the overhead cover; in any but 
extraordinary soils the engineer officer would, and should at the 
outset, be confronted with the question of revetment and the labor 
and material involved therein. The question of time and labor, 
taken into consideration together with the situation to be met, is of 
large influence in determining what shall be done in any ease. Be- 
fore the decision to build any kind of work is formed, the time 
must be estimated for completion and compared with the time that 
the general or particular situation promises as available. Rarely 
will we be able to do just what our sense of the most desirable 
thing to do would suggest. 

2. In this magazine I have seen other discussions of ‘‘closed 
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works,’’ works for ‘‘all around’’ defense, sometimes called redoubts. 
The discussion, as remembered, seemed to have taken the turn that 
such things are out-of-date, not modern, and not good. But I do 
not remember the reasons cited in support. May be they had as 
their basis the accuracy and power of modern artillery. Whatever 
the reasons were, they were not so put as to carry any conviction 
with them. Modern artillery or any other modern contrivance is 
only feared when the enemy has more of it and of better stuff than 
we have. Match them up and other things which were once good 
are likely to be good again, when used with the proper judgment. 


3. Closed works of the kind shown would rarely be found in the 
defensive positions of a mobile army; these positions had been 
forecasted long in advance of their occupation. They can not in 
America be so forecasted. An active force in the field is some- 
thing lke a good man in the ring, his footwork counts for much and 
he can hit from any angle; there is no posture his adversary can 
adopt and still feel safe; a studied and laborious defense is not 
worth its effort. So with the building of redoubts: the labor, 
when taken into consideration with the uncertainty of the actions 
of the enemy, is not worth its doing; such will, I think, be the view 
of the directing authorities In most cases. There must be emphatic 
reasons, apparent to the ordinary common sense, before an engi- 
neer recommends an excess of work at any point. The command- 
ing general might say to his engineer in this case (Plate I) ‘‘ Why, 
sir, do you want to build this work at this place on the sector when 
there are four other places that it may just as well be built?”’ 
or ‘‘ Why, if this work is good here, do you not build others of the 
same kind at the other four places?’’ The answer must be sound, 
free from fancy, and the reasons absolutely conclusive to any sen- 
sible man. The reasons for building closed works are the same now 
as they used to be (and can be found in the books) when the situa- 
tion demands the works should be built, and built to correspond 
with the power of the arms that are to be used against them. The 
fine points and close discriminations are worth in the construction 
of field works about what they are worth everywhere else, very 
little. — 


4, No map is as good as the ground, therefore I would hesitate 
to find fault with the arrangement on the sector of the works 
(Plate 1). At a glance I would say that for the case of ordinary 
field defense there is too much seeking for flank effect at the sacri- 
fice of front effect. Where practicable, I would prefer the zone of 
densest rifle fire to be from 500 to 800 yards from the general front, 
with the view of forcing the attack into his first lodgment as far 
from the line as the power of our rifle will permit; its point-blank 
range 1s about 500 yards, its fire from trenches, well covered, will 
be very effective up to 800 yards. The close flank defense should 
be attained by the machine guns. 
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Capt. C. O. SHERRILL 
Corps of Engineers 


This study is a considerable advance in method of treatment of 
the subject over the article published on pages 275-281 of Volume 
IV of the PRoressionaL Memoirs, especially in that the work on 
which this article is based takes into consideration the tactical 
situation and the work is planned to fit this as well as the special 
topography of the site. 

There can be no more valuable training in field engineering for 
engineer officers than the practice such as was had by the officers of 
the First Battalion of Engineers in development of this work. A 
similar method was used in my classes at the School of the Line 
from 1908 to 1911, consisting in stating for each student officer the 
general and special situations; each would then independently solve 
the problem as a whole and choose his line of defense, working out 
the details on a combined sketch previously made by the members 
of the class. These student officers being in the cavalry, infantry, 
or artillery, were not required to take up the construction features 
in the minute details desirable for engineer officers. Engineer 
offices, however, should go thoroughly into the tactical solution of 
the problem as a preliminary to the more detailed consideration of 
a selected work chosen from the best tactical solution. 

In the author’s paper he gives something of the tactical situa- 
tion, but it appears to me to be advisable to extend the scope of this 
feature, so as to have clearly understood the plans of the com- 
mander, the objects to be secured by his troops, the size and com- 
position of the enemy’s forces—in other words, a complete state- 
ment of the general and special situation. It would also add to 
the interest if a small scale map of a portion of the theater of 
operation should be included to indicate reasons for occupation 
of the chosen line and its defensive possibilities. 

The position selected for the two-company work seems to be only 
fairly well adapted to all-round defense, due to the fact that an 
enemy occupying the commanding spur about 300 yards northwest 
would render it untenable. Another objection to the site is the 
shape, which makes necessary a considerable depth as compared 
with its front. As far as can be determined from the map, which, 
of course, does not show all the controlling minor features of the 
eround, it appears that a better arrangement for a smaller force 
could be made, say, for one company. 

The location of the battery so close to the flanks and rear of the 
work appears to be open to criticism, as the artillery fire drawn by 
this battery would be dangerously near the infantry trenches, with 
resulting danger and demoralization to the riflemen. Also, unless 
the woods are very sparse, the fire of the guns would be interfered 
_ with by the trees. The entire artillery force massed at the site of 
4.7-inch battery could apparently cover the entire front to good 
advantage, and be more effectively handled and be in a safer posi- 
tion in case of flank or rear movement of the enemy. 

The types of trenches used are good, but in some cases a large 
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amount of rehandling of earth is necessary, as, for instance, in the 
trench from C to EH, due to the type used. 

It is to be hoped that similar studies to the one under discussion 
will be undertaken frequently for the general benefit of all officers. 


Capt. W2G-GAPLES 
Corps of Engineers 


GENERAL SHAPE OF WORKS. 


The front is generally southwest. An attack must come from 
this direction cr expose its flank. The works follow the contour of 
the ground so closely that in some cases not more than a third of 
the trenches fire to the southwest, while the long returns are open 
to enfilade from that direction. It would seem better not to follow 
the contours quite so closely and to give more fire to the front, 
while offering less chance for enfilade by extending the works paral- 
lel to the front and suppressing the leng returns. 


LENGTH OF FIRING CREST. 


The firing crest of an inclosed work should provide a yard of 
front for every man in the garrison. Less space hampers men in 
the use of their weapons, prevents the use of headcover for all men 
firing, and prevents obtaining proper volume of fire. One man 
every 4 or 5 feet will stop the most determined attack, while even 
greater intervals will suffice for an ordinary assault. It is the in- 
fantry fire that determines the final result; as many rifles as pos- 
sible must be brought en the line to stop an attack, but the rifles are 
useless if the crest does not permit of their free use and the pro- 
tection of their users. Short lines invite envelopment, while long 
ones make it exceedingly difficult. Counter-attacks by a foree in 
an inclosed work are scarcely possible, for the obstacles would aid 
the enemy instead of the garrison, which, if defeated, could scarcely 
regain the work in condition to continue its defense. The garrison 
of the works deliver fire against the attack; the local reserves make 
counter-attacks, by passing through the intervals between works, 
and feed into depleted garrisons of works; the division reserves 
cover threatened points and make counter-attacks; the general re- 
serve guards against enveloping attacks and trys to make them 
against the enemy. Such are broadly the functions of the different 
parts of the line. Not only must the garrison of the works be pro- 
vided with 1 yard of firing crest for every man but some trenches 
must be added in the intervals to accommodate reserves brought up 
to aid threatened points. The deployment shown on the plans ap- 
pears to be only about half enough; in fact, the work ean probably 
be held by one company quite as strongly as by two. 


LOCATION OF BOMBPROOFS., 


The increasing accuracy of artillery fire has enabled the attack to 
keep down the rifle fire of the defense up to very short ranges. In 
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fact, some writers propose that the artillery continue firing until 
the attacking infantry is within 50 yards of the works—rather an 
extreme proposal, but one that shows the tendeney in modern 
tactics. To meet such conditions the defenders have but little time 
to leave cover and man the works. The present tendency is to 
bring the bombproofs close to the firing line, some even placing 
them under the parapet. It would seem better to move the bomb- 
proofs up closer to the firing trenches even at the risk of an 
occasional hit. War can not be made entirely safe. 


TYPE OF FIRING TRENCH. 


If shrapnel can enter a trench, flesh and blood must leave. 
The increasing angle and accuracy of artillery fire has made the 
ehances of getting shrapnel into a trench greater and greater. 
Following on the heels of the Deport gun, firing at 60 degrees ele- 
vation, comes the Polte cartridge, which permits of a variable 
eharge with fixed ammunition. It seems certain that in the next 
war trenches will be searched in a manner of which the Russo- 
Japanese War was merely a suggestion. Headcover, shown then 
to be essential, may not have to be supplemented by over-head 
cover. It will not do to keep the rifles buried until the artillery 
ceases firing; they must be on the line every minute oppcsing the 
enemy’s infantry advance and it is the duty of the engineer to 
devise trenches that can keep them there. A promising type is 
the one used by Maj. Lytle Brown at Pine Camp some years since. 
Squad or half-squad trenches are dug with natural traverses, which 
are carried up 1 or 2 feet. Plank or poles with intermediate sup- 
ports are laid from traverse to traverse and sand-bag loop-holes are 
made between traverses. The parapet is carried up over the 
traverses and forming over-head cover. A deep passage 1s dug 
just in rear. If the parapet is not steeper than 1:10 with the 
natural surface of the ground and the loop-holes are judicious- 
ly screened, this trench is quite well coneealed. The advantages of 
this trench are that it combines at once head-cover, over-head 
cover, splinter-proof shelter, traverses, and lateral communication 
in the minimum of time and with the minimum depth from front to 
rear. Only a shell or a shrapnel case can penetrate the cover, while 
the chances of a bullet getting through a loophole are decidedly 
less than of its hitting a head above a crest even when the loopholes 
are quite visible. Men in a trench of this type can deliver effective 
fire when men in an open trench would be driven into the bomb- 
proofs. Loopholes do render a trench more visible, but this dis- 
advantage is largely offset by the superior protection afforded ; while 
one or two rows of corn, a mask of weeds, or any other device that 
will blend in with the rest of the landscape makes them very diffi- 
cult to see, it is not quite invisible. It would seem better to provide 
head-cover at least and probably over-head cover for the whole 
firing trench. The houses, woods, and hedges between the work 
and the creek must be removed anyhow and will furnish the ma- 
terial needed. 
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NUMBER OF TYPES. 


The infantry have to dig the trenches, a duty that occupies only 
one phase of their training. The fewer and simpler the types 
the better the work will be done. One type of firing trench, 
another of bomb-proof, another of connecting trench are about all 
that should be required. All accessories such as latrines, dressing 
stations, kitchens, etc., should be simple rectangular excavations, 
roofed over if need be, but otherwise unadorned. A multiplicity 
of types is hable to cause confusion. 


OBSTACLES. 


The double obstacle is justified by the fact that, if defended, a 
three-row entanglement is almost impregnable, but the defenders 
are prone to leave when they see the attack cutting through the 
last barrier between them and the bayonet and fail to properly use 
the obstacle. A second obstacle—even a simple fence—helps by 
encouraging the defenders to make full use of the main obstacle. 
Where wire is limited and the men green, the apron fence (Figs. 
102 and 103, p. 386, E. F. M.) furnishes a convenient and effective 
obstacle. Captain Wilby’s remarks are quite apropos. Where 
is the wire coming from, since none is carried with the troops and 
a good many miles of wire fence are required for an entanglement? 
A parapet concealing the obstacle is needed to protect it from 
hostile artillery and to add the element of a surprise for the 
attack. 

RANDOM OBSERVATIONS. 


The field of fire to the creek should be cleared thoroughly, leay- 
ing only such natural screens as hinder the enemy’s observation 
without giving protection from the defender’s fire. Latrines 
should be close to the trenches because men will not walk far to 
get to one under fire. Dead spaces near the works should be cover- 
ed with mines laid by the engineers. A trench for reserves just in 
rear of the hill would make a less elaborate gorge defense possible. 
Several parts of the line are well adapted to the use of dummy 
trenches. 


Capt. A. B. BARBER 
Corps of Engineers 

It is much to be desired that our infantry, assisted by our engi- 
neers, should be able to fortify a defensive position with works as 
good in design and detail as Captain Wilby’s ‘‘Two-Company 
Field Work.’’ This article shows clearly the large amount of 
special design necessary to adapt properly the ring trench idea to 
an average site. If detailed plans had not been worked out in 
advance, average troops of our army would be unable to produce 
in two days a result at all comparable with this field work. This 
fact is pointed out as showing the need of systematic instruction 
of our officers and troops, line as well as engineers, in design and 
construction of field fortifications. 
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The discussion of open versus loopholed trenches is based on the 
correct consideration for this case—that is, visibility, in which the 
chief factor is slope. In the general case, however, the tactical 
and technical considerations which determine whether or not 
loopholes and overhead cover should be used are so numerous that 
general rules, such as “‘17° to 18° of slope,’’ must be used with 
great care. 

Under ‘‘Location and Length of Firing Trenches’’ it seems to 
be assumed that two companies must be placed in the field work. 
To accommodate the two companies the author is forced into a diffi- 
cult situation. First, he takes advantage of our obsolete system 
(which fails to provide automatically for replacement of losses) 
to discount the strength of companies; second, he introduces the 
incorrect tactics of holding out part of the support for cownter- 
attacks (these should be made by troops outside the work and the 
entire support be considered available to replace losses in the firing 
trenches) and finally he resorts to the expedient of lengthening 
the flanks apparently without previously considering on what part 
of the foreground the available rifles should be brought to bear. 
The result, as the author later points out, is good, for it happens 
that more rifles are needed on the flanks. 

The sabove remarks are made to invite attention to the difficulty 
of assigning troops properly to positions in a defensive line. The 
usual method is to throw them in, the larger the site the more 
troops assigned, a method undoubtedly necessary in hasty work 
but to be avoided when time allows study of the defensive organi- 
zation and full employment of ‘‘the art of the engineer.’’ 

Much attention is given abroad to coordination and mutual sup- 
port of the various elements of defense, and the method of design 
often adopted for that purpose is at least useful in turning atten- 
tion in the right direction. 

The general line having been selected and probable sites of 
works and trenches picked out, the foreground within the import- 
ant zone of rifle fire (this zone varies with the character of the de- 
fense to be made and other considerations) is divided into sections 
by lines running to the front (not, however, usually perpendicular 
to the general front). The section lines roughly follow the limits 
of areas visible from the more important sites on the line. The 
relative strength of the hostile attack over the various sections is 
then estimated, due consideration being given to terrain, effect of 
artillery fire, etc. The available or necessary number of rifles 
(squads or platoons) is then apportioned to fire on the various 
sections in proportion to the needs of each and locations for the 
firing trenches are selected. Reasonable care is, of course, taken 
to avoid splitting units, and any surplus of men is carefully held 
in reserve. Tabulation and use of a graphical method for indica- 
ting cross fires facilitates the analysis and affords a ready check. 
In some cases all works out smoothly and sites are readily found 
in the right locations to meet every need, chiefly by fire directly to 
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the front. In other cases, it is extremely difficult to bring the 
necessary amount of fire to bear on some particular section and 
extensive cross fires have to be provided. Often also, as at the 
eorner E of Captain Wilby’s field work, additional strength must 
be provided by use of special obstacles or other special construc- 
tions, sometimes, even in this day, two tiers of fire. 

This analysis of the field of fire is only an elaboration of what is 
usually in a small way done by ceup d’oeil. In the writer’s ob- 
servation of field fortification studies reliable results are generally 
obtained more quickly by analysis. Checked up by analysis, as 
far as can be done on the map, Captain Wilby’s disposition of 
troops appears to be excellent and leads one to question whether, 
though the reverse is inferred from his article, Captain Wilby did 
not apply deliberate analysis to the problem of disposing his 
troops. 


Comments on a Cwo-Company Field Work and Preceding 
Biscussions 


Maj. AMOS A. FRIES 
Corps of Engineers; Member American Society 
Civil Engineers 2 

When a man sets himself up as a target he must expect to get 
hit, and the more prominent the target the oftener and the harder 
will he be hit. But target practice is always a good thing for a 
hunter, and one can not have target practice without a target. 
Now, if the target is such that practice on it approaches closely to 
the conditions to be encountered when shooting at game, the prac- — 
tice becomes of the utmost value to the hunter. 

Captain Wilby in his article on a *‘Two-Company Field Work’”’ 
has furnished exactly the target most sorely needed by the Corps of 
Engineers to-day. Once, when the writer as a cadet at West Point 
was making a bluff at reciting on the Roman legion and the Grecian 
phalanx, the instructor remarked, ‘‘It sometimes pays to indulge in 
glittering generalities, but you have gone too far; that will do.’’ 

A eareful reading of Captain Wilby’s article and the comments 
accompanying it shows what glittering generalities the Corps of 
Engineers is to-day indulging in concerning field fortifications. 

If this discussion serves to crystallize the ideas of the Corps on 
what are the best types of works for field fortifications, the proper 
locations for them and the times when each should be used, it will 
have aided powerfully in preparing the Corps to assume in any 
future National struggle for existence the proud position it held 
during and at the close of the Civil War. 

When one has arrived at the above conclusion he at onee asks 
himself, What is the reason for such a variety of opinions on a 
single subject among men educated at the same schools and follow- 
ing the same line of work? 

In the writer’s opinion it means just one of two things, either 
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a lack of thought and study, or poor instruction. (Did someone 
suggest that it might mean both?) No matter, the result is the 
same in either case, and the remedy is study and free, unbiased 
discussion. 

Every man can afford to change his opinion at any time. The 
thing he can not afford, is to be wrong. 

Then let us drop all personal hobbies, and go at this with a de- 
termination to stay with it until it is worked out and worked out 
RIGHT! 

Now, another question naturally arises. What must a man know 
to be a good military engineer ? 

He must be a student of war, and the conduct of war in all its 
phases. He must know not only how to plan, lay out, and build 
every work of fortification and their accessories, but he must know 
infantry tactics as well as the infantryman, artillery tactics as well 
as the artilleryman, and a good general knowledge of the proper 
functions of all other branches of the army—cavalry, signal corps, 
Quartermaster Department, Ordnance, and last but not least, 
aviation. 

The need for the military engineer to make deep study of in- 
fantry and artillery tactics should be strongly emphasized. The 
very term has come to mean, among other things, one who plans, 
lays, and constructs positions in the field for the infantry and ar- 
tillery, or at least one who takes the most prominent part in such 
operations. 

‘Can he do this properly without knowing fully the capabilities 
and the limitations of those arms? He can not! 

Now, having the range and windage for Captain Wilby’s target, 
it is time to try for a bull’s-eye. 

It is a sine que non of good engineering to-day that the simplest 
construction which will do the work required of it is the best. If 
that is true of civil engineering during peace and plenty, how 
enormously more important it 1s in war when on the proper utiliza- 
tion of moments hangs the fate of nations. 

Captain Wilby shows nineteen different cross-sectional profiles 
and six different special plans for one field work. These, including 
the wire entanglement, are to be completed in two days by two in- 
fantry companies. 

The writer seriously questions the ability of two companies to do 
the work according to all those special designs in twice the time. 

In actual practice not to exceed one-fourth of these special de- 
signs would be used, and all dimensions would be rough and ap- 
proximate. 

The answer will probably be that the author would have been 
criticised just as much had he failed to work out carefully all the 
details shown. By the pedant, yes; by the practical man, no. 

As examples of various types of construction ideal for use under 
the varying conditions found at the site of the work the article is 
excellent. Moreover, they would not have been out of place had they 
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been appended to a simple solution of the problem, providing that 
sufficient emphasis were laid on the fact that they were types only 
and that it could not be expected that they would all be used unless 
a long lull occurred in field operations, when the work could be 
completed so as to become a permanent fortification in everything 
except durability of materials, as at Liao Yang or before Mukden 
in the Russo-Japanese War. 

Captain Wilby assumes that two full days will be available for 
the work. 

It is questionable if he has a right to make such an assumption 
and call the work a ‘‘Field Work.’’ 

From a fairly intimate knowledge of the conditions surrounding 
the making of the ‘‘position sketch,’’ and the later working up of 
special details by Captain Wilby, the writer is of the opinion that 
ideas of ‘“‘land defense’’ of seacoast fortifications and of cities and 
harbors was allowed to overshadow ‘‘field’’ conditions. 

The two must not be confounded. The term ‘‘land defense’’ in 
this country now means deliberate defense. 

Field fortification is not deliberate, except under special condi- 
tions which must never be counted upon. 

In land defense careful surveys are made during peace, sites for 
‘‘redoubts’’ and trenches are marked out on the ground, and on 
maps, all works including clearings, obstructions, ete., are worked 
up in detail and the complete plans filed with the district engineer 
for instant use whenever it 1s deemed probable that the place will 
be attacked. 

It ought to be safe to assume that the engineer will have at the 
very least a week for construction purposes. If he has not, woe 
be unto us with our present forces. Anyhow, if less time than a 
week is available all operations can be classed as ‘‘field’’ opera- 
tions and the need for simplicity in construction will be as great 
or greater than in any other such operations. 

Every description of a field work should be preceded with an 
admonition that all firing trenches must be the simplest that are 
eapable of giving progressive protection until at least a simple 
standing trench is reached and which can be later widened and 
deepened to afford passageways in rear, when if time is available 
they may be altered to give overhead cover and be loopholed and 
otherwise fitted to withstand a long, determined attack. 

In field operations the question of whether or not a given trench 
is 10 yards too high or too low.on a hill is of insignificant import- 
ance compared with the necessity for getting a relatively strong 
trench in the minimum time and with the minimum labor. 

Conservation of resources in peace is important, in war it is vital. 

Men must not be unduly fatigued before the final struggle that 
means victory or defeat. 

And yet they must intrench, not only often but at every halt in 
the face of the enemy. Hence the imperative importance of sim- 
plicity in trench design. 

Every officer and soldier in the army who is lable to get onto 
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the firing line is concerned in the cross section of the trenches to be 
built. 

In addition, Engineer officers are particularly interested in the 
proper location of all trenches. 

From the foregoing discussion it might seem that the proper 
type of trench was the most important thing in the Army. It is, 
but only from the point of view of its universal application. 

A type trench which per yard takes only a little more work than 
another which will serve the purpose equally as well, will result in 
a campaign by a large army in an enormous waste of physical en- 
ergy, perhaps the most valuable possession of an army. 

On the other hand, the proper location of field works is inherently 
one of the most difficult problems any officer is ever called upon to 
solve. 

The problem is here considered in its broadest sense. Given a 
certain hill to fortify and the problem is 95 per cent solved. 

To properly locate field works requires a broad knowledge of 
tactics and strategy in general, and deep and accurate apprecia- 
tion of the strategy of the campaign for which they are con- 
structed. This involved a knowledge of the tactics of the com- 
manding general, and the general tactics, strategy, processes of 
mind, and physical and mental characteristics of the officers and 
men comprising the enemy’s army. 

Added to the above must be a thorough knowledge of all the 
arms of one’s own army and those of the enemy and of the skill 
and ability of each combatant in the use of the arms he possesses. 

Truly, the need of knowledge by the military engineer is great, 
and if these remarks will help to make engineers feel that need and 


try to supply it they will have been worth while. 


Skill in the location of field works can only be acquired by much 
practice, both on the ground and on maps, but particularly on the 
ground. How many Engineer officers have laid out at one time a 
mile of field works on the ground? 


Biscussion 


Capt. F. Bo WiILBY 
Corps of Engineers 

In commenting on the above discussions, which have kindly been 
referred to me in advance by the editors, | wish first to express my 
appreciation of the interest shown by the numerous discussions sub- 
mitted and then to attempt to clear up some misunderstandings 
which I believe my readers have been led into by lack of clearness 
in the original article. 


ORGANIZATION OF THE BRIGADE FRONT. 


The title of the paper under discussion is ‘‘ A Two-Company Field 
Work,”’ the design of which might properly be assigned to a cap- 
tain or lieutenant of Engineers, or possibly to the infantry officers 
of the battalion occupying the section. So far as these officers are 
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concerned, the general situation is believed to be fully stated in the 
text, and, as given concisely by Colonel Kuhn in his discussion, ‘‘is 
such that a large force, consisting of several divisions, finds it con- 
venient for its purpose to take up a defensive position for the 
preparation of which two days are available.’’ 

It is believed that this, with the general location of the line, the 
assignment of a sector for defense, and the knowledge of the direc- 
tion of probable attack and location of supporting troops would 
be all the strategical and tactical information available for the 
officers concerned with the design of this Two-Company Work. The 
plans of the division commander, and especially of the army com- 
mander, as to any offensive returns or ecounter-attacks, can prob- 
ably not be made at least two days 1n advance of the appearance of 
the enemy, and even if planned so far ahead it is not believed that 
every captain of Engineers or Infantry would be so informed. 

There is a tendency to-day in the theoretical study of the art of 
war to place a major-general’s information at the disposal of every 
captain and major of the line. Of course, that condition is 
oreatly to be desired, but it is believed the studies would 
be made more practical by the introduction of a little more of ‘‘the 
fog of war’’ and by giving to each officer only such information as 
he would probably have under service conditions. 

The problem before us then was the proper preparation for de- 
fense of a certain hill with two companies to furnish the firing line 
and supports, and net the dispositions of the brigade, or of the 
artillery, or should we be concerned with the offensive plans of the 
army commander. Perhaps with the selection of this hill for de- 
fense, the problem ‘‘was 95 per cent solved,’’ but it did not seem 
so to the writer, and the other 5 per cent was the only part of the 
problem which was intended to be covered in the original article. 

Enough of the original position was shown on Plate I to show 
the relation of our two-company work to the remainder of the line, 
but the brigade position was barely referred to in the text, and was 
shown purposely incomplete, omitting the division mto sectors, the 
field of fire from each trench, all obstacles, most of the artillery, all 
new roads, location of camps for the supports, and dummy trenches, 
all of which appeared on the original solution and were omitted 
from Plate I as being unnecessary for the proper solution of the 
two-company problem, and liable to lead discussion away from the 
disposition of our two companies to the larger problem of the 
brigade. | 

However, for the benefit of those who are interested in the brigade 
problem, Plate I shows the front of a regiment and a half. All 
three regiments of the brigade are on the line, each regiment hold- 
ing out one battalion as local reserves (these reserves being held 
at brigade headquarters until the attack develops). This leaves 
six battalions available for the firing line and supports, for the 
entire brigade front, each company furnishing its own supports, all 
mm accordance with paragraph 278, Field Service Regulations, 1910. 
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COMPLEXITY OF THE DRAWINGS. 


The problem which the writer attempted to solve was the proper 
location and design of the defenses necessary for a certain locality. 
If he had made a rough sketch of his most important locations (see 
Fig. C) and had copied three accepted types of trenches out of 
the standard works on fortification, he would apparently have met 
with more approval from some of his readers, in spite of the fact 
that none of these standard profiles would have been switable for the 
site on which at was to be built, and, if built without modification 
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to suit the slope and other local conditions of site, the trenches 
would be almost useless. The writer does not advocate the memo- 
rizing of all the dimensions of his eighteen or nineteen different pro- 
files, but, for all who wish to master the art of fortification, he does 
advocate the study of the proper modifications of standard profiles 
to suit local conditions of site. It is believed that the character 
of these modifications is little realized, except by those who have 
actually tried to construct them on varied ground. Witness the 
following remarkable statement which appears in one of the above 
discussions: ‘‘If the front slopes are actually 19 to 23 degrees, as 
the author states, this is steeper than is desirable for fire trenches.” 
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This is undoubtedly true for those who are looking for a site to suit 
the normal profile instead of a profile to suit the site. I believer 
the Russians found the slopes of 203-Meter Hull, which were more 
than 23 degrees, quite ‘‘desirable for fire trenches.’’ 

The writer does not remember having seen any previous article 
dealing with the proper modifications of standard profiles to suit 
local conditions of site, and because he has gone to the trouble to 
work out all the details which must be known by anyone in charge 
of the actual construction of his trenches he is quite naturally, 
though I believe unjustly, criticised for complexity. For how can 
the knowledge of these modifications be gained unless actual modi- 
fied profiles are drawn to suit different conditions? 

My idea is that with the rough plan, Fig. C, and standard pro- 
files the working parties would be started, but the officer in charge 
must have such a knowledge of the proper modifications of these 
profiles, and other details of construction, that when completed the 
work will be properly adapted to the site, and drawings such as 
those submitted with my original article are not at all too comph- 
cated to properly represent this finished product. 


INFLUENCE OF THE CLOSED WORK. 


It is said that my plans show the influence of the redoubt, or old 
pattern of closed work. J am well aware that the principle appears 
to be fully established that the modern supporting point should 
consist of a group of simple rifle trenches, so located as to bring 
fire over all probable lines of attack, with cover for supports nearby 
connected by the necessary communicating trenches. If, however, 
these trenches,due to the configuration of the ground, naturally lie 
on the perimeter of a closed work, as happened in my plans, and in 
both of the solutions submitted with the above discussions, is there 
any inherent defect in the closed work which would require us to 
shift our trenches to more disadvantageous positions in order to 
avoid a closed perimeter? 


LOCATION OF THREE-INCH BATTERY. 


In my original article, on page 431, it is stated that ‘‘the whole 
group covers an almost ideal location for a 3-inch battery used as 
a ‘stabbing’ battery, * * *.’’ Such use of field artillery is well 
recognized (see p. 51, ‘‘dagger batteries,’’ Notes on Field Fortifiea- 
tion, Army Field Engineer School, Fort Leavenworth, 1912; and 
‘‘Some Recent Tendencies in Field Engineering,’’ by Capt. Holt 
Wilson, D.S. 0O., R. E., Proressionan Memoirs, p. 663, Vol. IV). 
But due to my failure to define the term, and state that it was only 
to be used in the final stages of the attack, it was apparently as- 
sumed that I favored such a position for all my artillery, all the 
tame. Such an assumption was as unfortunate as it was erroneous, 
and my erities who refer to my work as being ‘‘crowded with in- 
fantry and artillery’’ simply show their complete ignorance of the 
term ‘‘stabbing battery.”’ 
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MAJOR HART’S SOLUTION. 


In connection with Major Hart’s excellent solution of this prob- 
lem, it appears to the writer that he has gained the following ad- 
vantages 


a. More men firing to the front; 

b. Greater dispersion of target ; 
at the expense of the following disadvantages: 

a. Greater length of trench to dig; 

b. Poorer communications ; 

e. Supports at a greater distance from the firing line; 

d. Loss of considerable field of fire due to lower position on the 
slope, and without changing the following points: 

a. Trenches still form practically a closed work; 

b. Ratio of depth to width cf work has remained unchanged ; 

¢. Concealment of work about the same. 


The question then is: Does this increase in frontal fire and dis- 
persion of trenches compensate for the increased labor, poorer com- 
munications with supports and restricted field of fire? 

To appreciate these disadvantages, let us compare his solution 
with a similar rough sketch of my work (Fig. C). 


a. To complete the trenches shown, it would require roughly: 

















Major Harts. Fig 
Fire: trench, overheadscover os 2. eres ae 190 linear yards | 159 linear yards 
Emetrency: trench: 223 eee 90 linear yards | 40 linear yards 
Cover:for. sup ports se ae ee re 83 linear yards | 60 linear yards 
Communicating trénchess2 2 25 oes 70 linear yards | 70 linear yards 
‘Dotal tes ose eee oe ee ee 433 linear yards | 329 linear yard, 








An increase of about 32 per cent in labor of construction. 

b. Supports must travel 200 yards through the trenches, instead 
of about 100 yards to reach the center of the front firing trench. 

e. Supports are 133 yards in rear of firing line, instead of 78 
yards. 

d. The field of fire to the front from the lower trench is entirely 
restricted to less than 450 yards, while on the left front the areas 
covered by fire beyond 200 yards are very small 


I am afraid I can not agree with the statement made in one of the 
discussions that ‘‘the question of whether or not a given trench is 
10 yards too high or too low on a hill is of insignificant importance, 
3 * ?? To me, in this case, it seems of paramount importance. 

A comparison of the dead areas from the upper and lower 
trenches is Shown in Fig. D. This is not submitted as an absolutely 
accurate chart, for it was surveyed with transit and stadia only 
within the 450-yard range; beyond that it was estimated, by ob- 
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serving the hill from different points in the foreground, but is be- 
lieved to he substantially correct. 

In connection with this the illustrations, Figs. 4 and 5, page 439, 
taken looking to the left front frcm the upper and lower positions, 
respectively, show clearly the broken character of the foreground, 
which affords so much cover from fire trom the lower trench. 

In view of the above facts, it is my opinion that the advantage of 
the greater number of rifles pointing to the front from the lower 
trench is more than offset by the decrease in the field of fire from 
that location. If greater frontal fire than is given by the trenches 
in my original plan, Plate II, is considered necessary, and this ap- 
pears to be the consensus of cpinion, | would prefer to swing the 
trench from B to A, Plate II, around parallel to the contour into 
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some such position as that shown by the broken line in Fig. C. This, 
I believe, would have the desired effect, without sacrificing the com- 
mand of the foreground so necessary at this site. 

As for the dispersicn of trenches, which 1s recognized to-day as 
the most effective method of protection against artillery fire, there 
must be some limit to this dispersion. We must not forget that 
with this desirable dispersion we usually get very undesirable in- 
creased labor and decreased facilities for communication. 


MAJOR CONNOR’S SOLUTION. 


The werks designed by Major Connor would certainly be almost 
impregnable, but as designed it seems to involve at least three or 
four times the labor involved in the original plan. 
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This extra labor is added in three ways: 

Ist. In constructing 342 more linear yards of trench, an increase 
of almost 100 per cent ; 

2d. In the excavation of large rooms as bombproofs, involving at 
least three times as much labor as that required for the cover shown 
in Fig. 6, Plate IV; 

3d. In constructing parapets above the ground for all cover with- 
in the woods. This increases the labor from 200 to 500 per cent 
over that required for trenches giving the same amount of cover. 

In connection with this suggestion to eliminate water in the 
trenches, by constructing parapets above the ground for all those 
located in the woods where concealment is unnecessary, I have pre- 
pared Fig. E, which shows the comparative amounts of excavation 
necessary on a Slope of 17 degrees, such as that occupied by trench 
AB, Plate II. 

Fig. C, ‘‘a,’’ shows profile of complete trench, with 7-foot cover; 
as shown in Fig. 4, Plate IV, area to be excavated equal 20 square 
feet. 

Fig. C, ‘‘b,’’ shows parapet above ground furnishing same amount 
of cover as ‘‘a;’’ area to be excavated equal 75 square feet. 

Fig. C, ‘‘c,’’ shows profile of simple standing trench, with 4-foot 
6-inch cover; area to be excavated equal 7.5 square feet. 

Fug. C, ‘‘d,’’? shows parapet above the ground furnishing same 
amount of cover as ‘‘e;’’ area to be excavated equal 36 square feet. 

It is believed that if proper steps are taken to locate the trenches 
so that they all slope towards predetermined points at which drain- 
age ditches are located as outlets, and if surface ditches are placed 
above the trenches as shown in all profiles, Plate IV, and in plan on 
Plate I], there will be no trouble on account of water in the trench- 
es, and all the above excessive excavation will be unnecessary. 


MACHINE-GUN POSITIONS. 


There seems to be some question as to the proper use and location 
of machine guns. Some advocate holding them all with the re- 
serve, and not making any preparation for them in the trenches, 
while others not only assign them to the defense of different sectors, 
but also prepare many spare emplacements for each gun, thus 
multiplying their efficiency. Personally, the writer favors the lat- 
ter view, and it is thought these spare emplacements should be 
placed where the gun has the best field of fire, and not withdrawn 
for safety if this results in a much more restricted field of fire. 

It is not seen why the machine guns are ‘‘immobilized,’’ merely 
because preparations are made to use them when in the trenches. 


OBSERVATION STATIONS. Bs 


The question of the proper design of officers’ observation stations 
is religiously overlooked in most modern articles of field fortifica- 
tion. Yet the officers are present and must properly control and 
direct the fire. They have no rifles, so would be decidedly in the 
way in the firing trenches. Where will they go, and what pro- 
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tection may they expect in a field work? Perhaps a hole in the 
ground in rear of the firing trench, as used in the recent Balkan 
War, is sufficient for the company officers. Perhaps Major Harts’ 
suggestion of a platform in a tree on top of the most prominent 
point on the hill would do for our battalion commanders. It seems 
to me, however, that he has great faith in the invulnerability of 
majors, if he expects one to last long in such a position. 

I believe that if two days are available for preparation, some pro- 
vision should be made for the protection of certain observing points, 
not only for the commanding officer but also for each company com- 
mander. The question then is, What is the proper design, to give 
adequate facilities with the least amount of labor? We certainly 
will not arrive at a solution by always avoiding the problem. 

Three different types of observing points were included in my 
plans, all original and each adapted to suit its site. The immediate 
result of this originality was to raise the ery of ‘‘needless complex- 
ity.’ However, aside from the question of complexity of draw- 
ings, I would lke to see some discussion of how to accommodate the 
officers so that they can best control the course of the action. 


OBSTACLES. 


It is not thought that in a work of this character there will be 
time and labor available for protecting the obstacle with a parapet 
as Suggested by some. Furthermore, such a parapet, instead of 
concealing the obstacle, would render it more visible, due to the 
shadows cast by the vertical slopes. 

A straight line is favored for the obstacle, as it is easier to lay 
out and can be more effectively enfiladed from neighboring trenches. 
Of course, in construction this may be deviated from and every 
advantage taken of natural features of the ground for concealment, 
keeping it under fire from the trenches at a distance of not less 
than 50 yards. 


MAPS. 


With reference to the reported discrepancies in the maps, ff 
writer was somewhat surprised at this criticism, but after careful 
investigation disagrees with his critics as to the facts. The front 
slope, where the firing trench crosses YZ, is shown on Plate II as 
23° 30’; on Plate III as 22° 47’; and is stated im the text as ‘““from 
19° to 23°.’’ This seems to show that Plates II and III are in re- 
markable accord with each other and with the statements in the 
text, instead of being ‘‘graphical representations, no two of which 
agree, and all of which are at variance with the statement made in 
the text.’’ 


CONCLUSION. 


The writer would like to thank all those who have shown their 
interest in his study of this problem by submitting their views and 
suggestions in the above discussions. He was particularly pleased 
to receive the views of several officers not of the Engineers, the 
discussion submitted by Lieutenant-Colonel Dugan and Major Cabell 
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of the Cavalry being especially valuable, as they covered all points 
touched on in the original article, either approving or disapproving 
each phase of the subject. He trusts that no one will deem him 
presumptuous in presenting in these comments his own views, even 
though they differ in some cases rather widely from those of 
officers of much greater rank and experience. 

This study has made the writer realize more than ever before - 
the truth of that statement with which Colonel Kuhn coneludes his 
discussion: ‘‘Rarely will it happen that actual topographical fea- 
tures permit of the complete realization of theoretical principles. 
It is in the adaptation to actual ground forms that one learns the 
limitations of fortifications, as well as their possibilities.’’ 








Che Gladstone Dork, Liverpool 


The illustration shown above is reproduced from a photograph 
recently taken of the Gladstone dock, and shows the progress which 
has been made with this great work. The view is taken from the 
temporary embankment thrown across the river front. As our 
readers are already aware, the dock is intended to be used when 
necessary as a dry dock, and will be 1,020 feet long—or 137 feet 6 
inches longer than the Olympic—and the entrance will be 120 feet 
wide. The sill is laid at a level of 25 feet below the old doek sill. 
The engraving shows that the walls are complete. The work is be- 
ing carried out with all possible dispatch by the Mersey Docks and 
Harbour Beard, and it is hoped to have the dock ready for service 
next year.—The Engineer, London. 


Cest of Anchor Bolts at Keokuk, Jowa 
BY 


Maj. CHARLES KELLER 


Corps of Engineers; Member American Society 
Civil Engineers 


To determine the efficiency of the anchor bolts of the miter sill of 
the new lock at Keokuk, six extra bolts were provided and tested. 
For these test bolts, holes, 4 inches in diameter and 8 feet deep, 
were drilled in the limestone of the river bed inside the lock coffer- 
dam about 75 feet downstream from the miter sill, and in each hole 
a 2-inch bolt, on which four barbs, 1 inch long and 34-inch deep, had 
been cut as shown, was inserted and firmly ‘‘fox-wedged’’ in place. 
At a depth of about 6 feet a thin water bearing seam had been en- 
countered in the limestone, so that the 1 to 2 grout, with which the 
drill holes were then filled, was necessarily placed with air under 
sufficient pressure to keep the water down. The test bolts were per- 
mitted to remain in place for nearly a year before subjecting them to 
the test now described. 

In October, 1912, these six bolts were tested to destruction by 
means of the apparatus fully shown on the accompanying drawing. 

One of the six bolts was tested with a double nut, and the re- 
mainder with a single nut. In no ease did the threads strip. <A 
single nut is evidently sufficient to develop the full strength of the 
bolt as made and used. 

In general, it may be stated that the bolts began to stretch rapidly 
when the pull on the bolts rose to about 45 tons. After this stress 
was applied, stretching was so rapid that it was only by rapid pump- 
ing that the pressure on the jack could be maintained and increased. 
In three cases rupture occurred at a total stress of about 6714 tons, 
and all fractures showed the characteristics of good mild steel. With 
one exception, all broke immediately under the nut, and in the case 
of the exception the bolt broke at the first barb below the surface. 

The anchor bolts in the actual miter sills will be placed in a man- 
ner similar to those in the test, except that in the sill itself the bolts 
will be ineased and grouted in a 214-inch gas pipe, this pipe being 
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intended to prevent rupture of the conerete sill by the stretch of 
the bolt. ’ 

In order to determine the safety, or otherwise, of the proposed 
anchor bolts, it is necessary to find the hydrostatic pressure upon 
them should the water get under the sill. The bolts are spaced 4 
feet apart and the sill is 4 feet wide, so that, with a 40-foot head the 
uplift will be 4x4 62.3 40=39,870 pounds. The weight of 
the masonry is: 447 140—15,680 pounds, and the total upward 
pressure 1s therefore 39,870-—15,680—=24,190 pounds. 

The miter-sill anchor bolts are not barbed, so that the single case 
of the bolt that failed at the first barb (No. 4) may be disregarded. 
Of the remaining five bolts, three showed an ultimate resistance of 
67.5 tons per bolt, and two failed when the load was 60 tons. The 
maximum upward pressure being about 12 tons, the factor of safety 
against rupture is about 5, and, assuming the elastic limit of mild 
steel as approximately two-thirds of its ultimate strength, the factor 
of safety against permanent distortion 1s about 2 2-3. This is a 
minimum, since it 1s scarcely probable that the bolts will be ’sub- 
jected to the full lifting effect of the hydrostatic head. Evidently, 
the miter-sill anchorage is amply safe. The table and drawing here- 
with furnish further details. 
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Original 2-inch Bolts. Tension Load Applied. Broken Bolt, 
Full size. Through threads. First Pull. 
. Teel Net |Net area 
4 Diam. | Areainsq. | Diam. Area in sq. Tons on| Stress, lbs. | Total Elon- oie heroes 
in inch. inch. in inch. shi bolt. | per sq. inch.| gation in ft. : : 
1 2 3.1416 1.64 2.0612 Ted 7280 0.000 1.46] 1.6741 
Apes) 21830 0.008 
30.0 29110 0.008 
BOS 36380 0.008 
45.0 43660 0.014 
5225 50940 0.024 
60.0 58220 0.079 
Second Pull 
Wo) 7280 0.000* 
15.0 14550 0.003 
Pee 21830 0.005 
30.0 29110 0.005 
Sie 36380 0.007 
45.0 43660 0.010 
ano 50940 0.010 | 
60.0 58220 0.012 | 
| 67.0 65490 Failed 
| First Pull 
2 2 3.1416 1.62 2.1124 fap 7100 0.000 1.60| 2.0106 
15.0 14200 0.006 ' 
22.5 21300 0.008 
30.0 28400 0.010 
Sw (a 35500 0.016 
45.0 42610 0.029 
SPAS. 49710 0.045 
57.0 53970 0.111 
Second Pull 
15.0 14200 0.000* 
22.5 21300 0.003 
30.0 28400 0.004 
37\5 35500 0.010 
45.0 42610 0.010 
Digro: 49710 0.010 
60.0 56810 0.020 
Ono 63910 Failed 
3 2 3.1416 1.64 2.0612 1.5 7280 0.000 1.50| 1.7672 
15.0 14550 0.000 
PAPAS 21830 0.001 
30.0 29110 0.003 
37.5 36380 0.007 
45.0 43660 0.015 
Doe 50940 0.046 
Done 53850 0.077 
Second Pull 
7.5 7280 0.000* 
15.0 14550 0.001 
PAP a5. 21830 0.005 
30.0 29110 0.005 
Se: 36380 0.008 
45.0 43660 0.010 
oe 50940 0.013 
Oiled 65490 Failed 
4 2 3.1416 1.66 2.1642 T..5 6930 0.000 
15.0 13860 0.003F 
PANS 20790 0.005 
30.0 27720 0.005 
Diep 34660 0.007 
45.0 41590 0.015 
52LD 48520 0.038 
aprlal) 52680 Failed 
5 7s S416 1.62 2.1124 ey 7100 0.000 15218 146 
15.0 14200 0.005 
PPX 53 21300 0.006* 
30.0 28400 0.007 
Syst 385500 0.016 
45.0 42610 0.028 
D2eD 49710 0.067 
60.0 56810 Failed 
6 2 3.1416 1.66 2.1642 T5 6930 0.000 1.48| 1.7203 
L520 13860 0.005 
PAP tS 20790 0.005* 
30.0 27720 0.006 
37D 34660 0.012 
45.0 41590 0.023 
o2.D 48520 0.051 
60.0 55450 Failed 


*Bolt failed through the threads. 


+ Bolt failed at first barb below the top. 
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®GOen. George Gordon Meade 


Fifty years ago to-day (June 28, 1913), Major-General George 
Gordon Meade, a former officer of the Corps of Engineers, United 
States Army, was placed in command of the Army of the Potomac. 
To this Army was then entrusted, as it had been for nearly two 
years, the defense of the city of Washington and the defeat of the 
able General Robert E. Lee, another former officer of the Corps of 
Engineers, commanding the Confederate Army of Northern Vir- 
-ginia. While these armies were nearly equal in numbers, equip- 
ment, and supplies, there must be added to the Army of Northern 
Virginia the confidence inspired by a series of almost unbroken 

victories over the Army of the Potomac. 

General Meade liad served with the Army of the Potomae 
throughout nearly the entire two years of the Civil War preceding 
the Battle of Gettysburg and had proven himself a courageous, 
steadfast, and reliable general under all conditions. He had thus 
risen to be second in rank in that Army to General Hooker who com- 
manded it at the beginning of the Gettysburg campaign. When 
President Lincoln became dissatisfied with General Hooker and re- 
heved him from command upon his rather hasty request to be so 
relieved, the choice of a commanding general naturally fell to 
Meade. It was a most desperate and trying time for any officer, 
but Meade, with deep appreciation of the responsibility thrust 
upon him, took command of the Army in a spirit which, while re- 
alizing the tremendous responsibility, was determined to go ahead 
with all his powers. 

On this the Ist day of July, 1913, just fifty years after the be- 
ginning of the Battle of Gettysburg, and while the Blue and the 
Gray who then fought together in death-like grip are meeting and 
clasping hands with mutual regard and admiration in a great 
semi-centennial celebration of that battle, it seems especially fitting 
to append a short sketch of the life of the Commanding General of 
the Union Forces in the ProressionaAL Memoirs, published by the 
Corps of Engineers—the Corps in which he served conspicuously 
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for many years before the Civil War and to which he brought great 
honor by his conduct during that war. 

General George Gordon Meade was born December 31, 1815, in 
the city of Cadiz, Spain, where his parents, who were citizens of the 
United States, were temporarily residing. His father was not only 
in business of his own but held an appointment as Navy Agent for 
the United States. George Gordon Meade was the eighth child in a 
family of ten and was five years old when his father returned to 
the United States. He studied at first in a private school in Phila- 
delphia and later at boarding school at Mount Airy, a few miles 
outside of Philadelphia. One of the principals of this school was a 
graduate of the Military Academy at West Point, in consequence of 
which the school used West Point as a model, and the boys received 
instruction in company drill, sentry duty, and the like. At Wash- 
ington he was for a short time a pupil of Salmon P. Chase, later 
Secretary of the Treasury under President Lincoln. General Meade 
seems to have had at an early age a strong liking for mathematics 
and kindred studies and desired to become a civil engineer. It not 
being practical for him to get the necessary education, he obtained 
an appointment to West Point in 1831 when he was but 15 years 
and 8 months old. 

He graduated four years later No. 19 in a elass of fifty-six. 
During his graduation leave-of-absence he took an appointment as_ 
an assistant on the survey of the Long Island Railroad, having in 
mind even at that time that he should later resign and enter rail- 
road construction work. He was assigned to the Artillery, in which 
he served until October 26, 1836, on which date he resigned to 
accept employment in civil life. He was employed as an assistant 
engineer 1n railroad work and also later on the survey of the mouth 
of the Sabine River, at that time the boundary line between the 
United States and the Republic of Texas. Later, during the period 
from the latter part of 1837 until May 19, 1842, he served as as- 
sistant on the survey of the delta of the Mississippi River, the astro- 
nomical work on the survey for determining and marking the 
boundary line between the United States and Texas, and as assistant 
on the survey of the Northeastern Boundary between the United 
States and the British provinces. Finding this work irregular and 
seeing no opportunity for study and profitable employment as a 
civil engineer, he accepted an appointment on May 19, 1842, as 
second lieutenant in the Corps of Topographical Engineers, and 
from that date until November, 1843, continued on the survey of 
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the Northeastern Boundary Line above referred to. He was then 
assigned to duty in the construction of light-houses and in surveys 
of Delaware Bay. On the 12th of August, 1845, he was ordered 
to join a force at Fort Jessup, Louisiana, under command of Gen. 
Zachary Taylor with a prospect of engaging in a war with Mexico. 
In this war he served with distinction on the staffs of General Tay- 
lor and General Seott in the battles of Palo Alto, Resaca de la 
Palma, and Monterey, being brevetted for conspicuous service in 
the latter battle. He was promoted to first heutenant, Corps of 
Engineers, in 1851, and to captain in 1856. Following the close of 
the Mexican War, he was engaged for a time upon light-house con- 
struction, but during the four years preceding the Civil War he 
had charge of the survey of the Great Lakes. In August, 1861, 
following the breaking out of the Civil War, he was put in command 
of the Second Brigade of the Pennsylvania Reserve Corps, the latter 
forming a division in the Army of the Potomac, with which Army 
he served throughout the war. In the Peninsular Campaign in the 
spring of 1862 he took part in the battles of Mechanicsville, June 
26; Gaines Mill, June 27; and the Battle of Glendale, June 30, in 
which he was severely wounded. Later in the year he was en- 
gaged in the Battle of Manassas and during Lee’s first invasion of 
_ the North took part in the battles of South Mountain and Antietam, 
a part of which time he was temporarily in command of a corps. 
Still later in 1862 he took a most conspicuous part in the Battle of 
Fredericksburg and in the spring of 1863 in the Battle of Chancel- 
lorsville, in which he commanded the Fifth Corps. He was still 
commanding this corps June 28, 1863, when placed in command of 
the Army of the Potomac. 

It is thus evident that he had been in a position to obtain as 
accurate a knowledge of the fighting abilities and strategy of the 
generals and men composing the Confederate Army of Northern 
Virginia as any man in the Union Army. It is doubtful if, without 
this experience, he would have been able to command the Army so 
successfully as he did in the great Battle of Gettysburg, which be- 
gan only three days after he was placed in command. As a result 
of his victory at Gettysburg he was promoted to be a brigadier- 
general in the Regular Army, July 3, 1863, though he remained 
-a major-general of volunteers in command of the Army of the 
Potomac until relieved by General Grant early in 1864. Even then 
he continued to be the senior officer in command under General 
Grant throughout the Wilderness Campaign and the Siege of 
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Petersburg up to the final capitulation of Lee and the Army of 
Northern Virginia at Appomattox Court House. To enumerate all 
the battles of this campaign in which he took part, always ered- 
itably and many times most conspicuously, would be to make a 
practically complete enumeration of the battles in which the Army 
of the Potomac took part in 1864-1865. 

On July 1, 1865, following the close of the Civil War, he was 
placed in command of the Military Division of the Atlantic which 
included the Atlantic States as far south as South Carolina, a po- 
sition he held with the exception of a very short period until his 
death in Philadelphia, November 6, 1872. During this period he 
also served on many boards, being president of the board for 
making recommendations for brevets to the grade of general officers 
and also of a board for retiring disabled officers. Naturally, after 
a terrible four years’ war these two boards were of tremendous 
importance. 

In addition to his eminent standing in the military world, he was 
well known for his scientific attainments. In 1863 he was made a 
member of the Historical Society of Pennsylvania and, in 1865, 
an LL. D. of Harvard and a member of the Philadelphia Academy 
of Natural Sciences. 

General Meade’s life was marked, not so much by any great bril- 
hanecy as by steadfastness of purpose coupled always with a deter- 
mination to do the very best in his power and to shirk no task 
assigned, no matter how great the responsibility.—a. A. F. 


Errata in Chis Number 


Page 473, 19th line from the top, change the word ‘‘not’’ to 
‘““now.’’ Same page, 5th line from the bottom, replace the words 
Cerda yaaa ae 

Page 477, 16th line from the top, add the word ‘‘have’’ after 
‘‘and.’’ Same page, 20th line, add the word ‘‘a’’ after “‘make.”’ 
23d line, same page, add the word ‘‘out’’ to ‘‘lays.’’ 

Page 479, 20th line from the top, change the word ‘‘involved”’ 
to ‘‘involves.’’ 





Hook Review 


A ORITICAL STUDY OF THE GERMAN TACTICS AND OF THE NEW 
GERMAN Recuuations. By Major De Pardieu of the French 
Army ; translated by Capt. Charles F. Martin, Third U. 8S. Cav- 
alry. Published by the U. 8. Cavalry Association, Fort Leaven- 
worth, Kansas, 1912. Price, $1.00, prepaid. 

This is one of those rare books that gives both sides of a question 
by one who has made a deep study of that question. 

German tactics for all arms have been revised, in some cases most. 
radically, since the close of the Russo-Japanese War in which the 
ideas of German military students were so successfully carried out 
by the Japanese. 

As stated by the translator in his preface, Major Pardieu was 
chief of staff to the military governor of Dunquerque when his 
study was published. 

As a measure of its true worth, it is noted that immediately after 
its publication in France, it was translated into both Russian and 
German. 

In this work Major Pardieu takes up first a brief study of the in- 
fantry regulations, followed by similar studies concerning the field 
artillery and cavalry. 

The Germans have recently adopted both light and heavy how- 
itzers and to these Major Pardieu gives particular attention and 
discusses the use of artillery, both heavy and light, in a way highly 
useful to all officers, and especially artillery officers, engineers, and 
others who may have to take part in choosing artillery positions or 
in the construction of trenches and other works of defense against 
hostile artillery. 

These three subjects take up only a little more than one-third of 
the book, the remainder being given to a study of the battle from 
both the offensive and the defensive sides, followed by a discussion 
of the preparatory. combat and the final outcome of the battle— 
whether victory or defeat. 

Then follows a study of tactics in general, both from the offensive 
and defensive sides, the bock being closed by a brief but keen 
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strategical synopsis of the manner in which a campaign would 
probably be carried out by the German Army. 

In all of these discussions Major Pardieu sets forth clearly the 
French point of view, acknowledging frankly what is good in the 
German tactics and suitable for adoption in the French Army as 
well as frankly ecndemning what he thinks an error in either ease. 
The author is a keen student of the German character as well as 
that of the French, and this fact alone makes his work vastly more 
valuable than any similar work of its size known to the writer of 
this review. 

A eareful reading of this book will impress upon one the neces- 
sity of knowing the enemy as thoroughly as one knows his own 
army, 1f he hopes to get the best results from the use of the latter. 
This knowledge must cover not only the enemy’s arms and methods 
of supply and the skill with which he uses his weapons, but must 
include a knowledge of his habits of thought and general mental 
processes—all to be combined with the best possible knowledge of 
his probable plan of campaign. 

It is believed that this book will be of great value to all officers 
of the army and particularly so to all engineer officers who may 
wish to be able, should the occasion arise, to take a conspicuous part 
in any struggle with a foreign power.—a. A. F. 
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Rebuilding Yetties at Humboldt Bap, Californta 
BY 


Mr. MORTON L. TOWER* 


Assistant Engineer; Member American Society 
of Civil Engineers 


Humboldt Bay, on the northern coast of California, latitude 40° 
45’, is the principal lumber shipping port of the State of California, 
being in the center of one of the most productive forest areas 
known to man. 

The entrance to the harbor is between two low sand spits. The 
area of the bay at low water is 11.4 square miles and at the con- 
tour 6 feet above low water it 1s 25.3 square miles. The mean 
rise and fall of the tide is 4.3 feet with extreme ranges as great as 
11 feet, from 914 feet above to 114 feet below the plane of reference 
established by the United States Coast and Geodetic Survey at the 
mean of the lower low waters. 

In its natural condition the erosion of the tidal currents, modi- 
fied by the ever present but constantly changing surf conditions, 
resulted in a channel unstable as to position, depth, or direction, 
with a general ruling depth of about 12 feet at low water. 

The harbor was first examined with a view to improving the 
condition of the entrance in 1877, but, owing to the difficulties to 
be encountered and the then undeveloped stage of jetty construc- 
tion methods, no recommendations for actual construction were 
made. The report stated that a safe entrance could be obtained 
by the construction of two parallel jetties about 500 yards apart. 

Following an appropriation in 1881, control of the South Spit 
was attempted by the use of brush mattresses. The work being 
earried on with no appreciable result until 1887, when, following 
the development of construction methods at Galveston, Tex., and 
on the Oregon Coast at Yaquina Bay and at the mouth of the 
Columbia River, a plan for improving the channel conditions by 
means of two jetties of rip-rap stone deposited from pile trestles 





*Resident Engineer in local charge of work. 
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was adopted. Work on the jetties was commenced in 1887 and con- 
tinued until 1899. A total of over 1,000,000 tons of stone was used, 
the cost of the work being $2,040,203.35. 

The channel, both as regards alignment and depth, secured by the 
improvement was all that was expected and was maintained for 
several years at not less than 26 feet at mean lower low water with 
considerable periods when a ruling depth of 30 feet prevailed. 

The jetties were constructed by depositing stone ranging in size 
up to pieces of 10 tons, from pile trestles; the method generally 
used on the North Pacific Coast. 

The effect of the severe surf on these jetties has been to cause 
subsiding of the outer ends of the work, principally by reduction 
of slopes and by displacing the top stone. The smaller pieces of 
stone have been washed away and some disintegration of the stone 
has occurred. The mass has also settled into the bottom to some 
extent. Attrition by the sand-laden water is a source of possible 
loss, considering the total amount of surface exposed. 

The subsiding of the jetties allowed an increasing amount of sand 
to enter the channel from the accumulated deposit in the angles 
between the shore lines and the jetties. Owing to direction of ap- 
proach of the flood tide, which coincides with the shoreward moving 
waves, across the larger area exposed on the southerly side of the 
entrance, the larger quantity of sand was received and the greatest 
damage to the channe) occurred from that direction. 

With the subsiding of the jetties, the condition of the entrance 
channel deteriorated both in direction and depth. By 1907, the 
outer ends of the jetties were completely buried in sand at depths 
of from 14 to 18 feet. The sands carried over the jetty on flood 
tide being returned with the ebb current and deposited when that 
current is dissipated on entering the ocean, had formed a narrow 
continuation of the south jetty, curving northerly and crossing the 
line of the north jetty prolonged. This condition produced a 
erooked channel, difficult in all weathers and impossible in foggy 
and rough weather. 

The narrowest and shoalest portion of the channel was generally 
in the vicinity of the north jetty, and at times was reduced to a 
width of about 500 feet and a depth of about 16 feet at mean lower 
low water. The channel constantly changed. During storms from 
the south the shoal would be forced toward the north and inshore, 
so that outgoing vessels would head shoréward for a considerable 
distance in order to reach deep water; with even a moderate sea 
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running, the waves breaking on the outer shoal would carry across 
the narrow channel, thus rendering the passage more difficult by 
obliterating visible evidence of deep water. | 

Further danger was encountered in the form of mounds of sand 
constantly changing in shape, size, and position. In order to be 
familiar with the channel, constant observation by local pilots was 
necessary and even regular coastwise vessels could not safely 
attempt the channel without service from local pilots. The ehan- 
nel reached its worst condition during the fall and winter of 1911. 

Fig. 1, Survey 1903 (opposite page 500), shows the most favorable 
condition of the channel as it existed from the completion of the 
jetties in 1899 to and beyond the date of survey. 

Fig. 2, Survey 1907 (page 501), shows the progressive growth 
of the South Spit with an isolated 18-foot contour on the northerly 
side of the channel. 

Fig. 3, Survey 1911 (page 503), shows the South Spit extended 
with but slight depression across the entrance. During the fall 
of 1911 this shoal increased in length and the depth decreased until 
the channel assumed its worst position and condition since the com- 
pletion of the jetties in 1899. 

Active work reconstructing the south jetty was commenced in 
June, 1911. The first stone was deposited in March, 1912. By 
June, 1912, the south jetty had been extended as shown on Fig. 
4 (opposite page 504), 1,500 feet from the high water line. 

By the subsiding of the old jetty enrockment there had been left 
a low section close to the high water shore line (Station 40 to, 
Station 44), where the rock was only a little above mean tide. The 
considerable quantity of sand forced through this small inlet by 
the inrush of the flood tide was cut off by the first work in rebuild- 
ing the jetty. Fig. 4, Survey 1912, shows the seaward extension 
of deep water in the channel and the improvement of the channel 
conditions as to direction and depth. 

As these conditions continued to improve during the summer and 
fall until December, 1912, it is believed that the relief of the chan- 
nel from the sand moved along the beach and across the shore end 
of the jetty into the bay was a considerable factor in securing the 
better conditions. 

In September, 1912, about three months earlier than the usual 
time, there commenced a succession of very heavy waves from the 
southwest. These waves, entirely independent of the local weather 
conditions, continued with but very httle interruption until Janu- 
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ary 15, 1913. The effect was to throw the accumulated sand near 
and beyond the outer end of the south jetty across the entrance, 
causing very difficult navigation conditions for about six weeks. 
With the cessation of the unusual surf conditions and the commenee- 
ment of the usual winter weather the channel again assumed the 
position shown in Fig. 4, or even more favorable conditions, as 
indicated by information furnished by masters of vessels and 
local pilots. 


The desirability of using large-sized stone is a factor in jetty 
maintenance which has been well established by experience at all 
the North Pacific Coast harbors. In planning this work it was de- 
cided that the limiting size should be 20 tons. It was also con- 
sidered desirable that these stones be lowered to place to avoid 
breaking them or the stone they fell on, which often occurs when 
stone is deposited by dumping from cars on an elevated track. The 
use of an unloading crane also permits the placing of stone in a. 
selected position in the jetty, which can not be done when it is 
dumped from a tramway. 

All the quarries adjacent to Humboldt Bay are at a considerable 
distance from the navigable channels, thus rendering rail trans- 
portation essential from the quarry to tide water. The quarry 
used is 7 miles from the nearest landing. 


The largest single item of plant involved in the construction is 
the cars. It was deemed that it would be cheaper in the end if 
these were of standard design and hence salable when the work was 
completed. ) . 


A tramway of sufficient strength to carry a 20-ton crane and 
standard 40-ton railroad equipment is necessarily much heavier 
and more expensive than the jetty tramways used along the Oregon 
and Washington coasts, where narrow gauge, special dump ears 
are used. 

The storms of many years had beaten the old enrockment into 
a compact mass, such that it would have been impossible to drive 
piles into it, and for a tramway it would have been necessary to 
place a portion of the piles of each bent in the sand to give it any 
lateral stability. 

The estimated cost of a suitable trestle is as follows: 

Six-pile bents 14 feet apart with two lines of 10 by 18 inchr 


stringers under each rail and 6 by 8 inch ties. Rails to be 28. 
feet above mean lower low water. 
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Material. 

6 piles, each 50 feet long, 300 linear feet, at 15 ¢__ $45.00 

3,500 feet B. M. lumber, at $20 per M. feet________ 70.00 

170 pounds bolts, nuts and washers, at 3¢. per lb._ 5.10 

Smemereris, at $3 each-. 1) Se 6.00 

1,120 pounds rails, at 2% ¢. per pound_________- 28.00 

107 pounds nails and spikes, at 5c. per pound______ 5.39 
Pere tore 14. feet. co. $159.45 
LOI GL Oh OOG. oo. ee ee ee $11.39 
Labor, fuel, and supplies, per day, $59.00. 
Rate of progress (estimated 2 bents, 28 feet), cost per foot 2.11 


Plant Required. 











Herevolving driver, complete_________ _-« $20,000 
mecupply and material car. __.._.____ Se OOOO 
Meter S000 2 a eee ee 1,800 
eerie yard. platforms______ 22-222 5,000 
Piees.000 linear feet. tramway__. 22-04 a $31,800 
iimueenarye oper “foot ~ _-___-2_-sin22 mos & 3.03 





In addition to the cost of the tramway over the actual length of 
the jetty to be rebuilt, about 9,000 feet, it would have been necessary 
to raise the shore tracks across the sand on a shore trestle, amount- 
ing in all to about 7,000 linear feet at an estimated cost of $10 per 
foot. While the cost of the shore track at elevation 12 has been— 











EME ee ee eS Ea CWB: 
Pier ee wepikes, and ties__...-..-_252_ Be ee ae A tear 30) 
$3.63 


The low elevation for the shore tracks possible with the system 
used has therefore effected a total saving of $44,590 over the cost 
of the shore trestle necessary to reach a tramway 24 to 28 feet above 
low water at the ocean beach line. ? 

The desirability of making full use of the existing enrockment 
with its established slopes and compact mass, as well as the ad- 
vantage of having a thoroughly stable foundation for the stone 
unloading crane, and the high cost of the tramway of sufficient 
strength to permit the use of the large stone proposed, were the 
conditions which led to the adoption of the concrete cap. 

The main idea of the concrete is to hold the track when the 
jetty is swept by waves. The only portions of the structure that 
will float are the ties, and these are firmly imbedded in concrete 
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and held in place. A further advantage of the concrete cap meth- 
od is that the ties are the only portion of the structure which is 
not of a permanent nature and an addition to the value of the 
structure as a jetty. The concrete top on the crest of the structure 
will greatly retard the unraveling action of the waves, and when 
finally broken up by the settlement and washing away of the rock 
slopes it will still be of value as jetty material. 
The cost of the concrete cap and tracks has been: 

















Hor dabor snot ns ee ee eee ent $2.86 
4% tons Class 3 stone in voids of jetty enrock- 
ment ii. Se ee eee a ue Oh es Oates 
2°tons of Class 4 stonez2c-222 22 epeees mies ers 3 6) 
-95:- barrel <cenmentu cao 2s. ee J Ee 
Total ‘conerete> material. = se eee ———_ $11.75 
50 feet: B. M. lumber, at $14 per M222 222 22 ~ 70 
Fuel;-o1l, vrépairs; ees oe Sees Ma) 
——— 1.36 
——— $15.97 
Rails and joints (recoverable)___-__2 2. 2.13 
Total cost per linear foot 2253. DS a = $18.10 





The above estimate includes the cost of portions of track lost by 
wave wash before the concrete had time to set, amounting to 1 per 
cent. 

The plant cost for the concrete method had been: 


One concrete mixer, complete with boiler and engine___--____ $1,500 
One: flat carc.t 3+. Ue aS 600 
Tanks ‘and small tools222_ 213.5520 2 250 
Labor “assembling .plants= S22. S242 252022 200 

Totals cece ss Lote bea ee ee $2,550 


Cost per foot for one jetty, 53 cents. 


The conerete method of construction has proved to be all that was 
expected of it. The length of time required for its construction 
has been less than was estimated, although the cost has been more 
per foot. The advanced cost, over the estimated cost, is due to 
the use of a greater quantity of Class 3 stone than was estimated. 
Experience has shown that the use of Class 3 stone for the top course 
is more economical than the placing of Class 2 stone, so that it will 
not interfere with building track. 

The 2,400 feet of jetty with concrete cap already built has been 
subjected to very severe weather since September 1. Waves that 
displaced stones weighing as much as 5 tons from the slopes and 
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moved them to the top of the track have repeatedly attacked the 
jetty. So far, there has not been the least sign of deterioration 
except at places where the concrete, owing to the immediate use of 
the tracks while it was still plastic, has parted at the bottom of the 
ties and the corners have been chipped off. These slight defects 
in no wise damage the structure and are not of a nature serious 








Fig. 5 (upper). Track arrangement on jetty receiving apron and approach. 
Fig. 6 (lower). Sea slope of jetty. 


enough to call for repairs, now or in the future. At several places 
the stone on the slopes has been washed away, leaving a vertical side 
at the line of the cap, or it has been undermined 2 or 3 feet. These 
places have been repaired with stone, hand-placed where necessary, 
without breaking the concrete. 

Some loss of freshly laid concrete has occurred when it has been 


508 REBUILDING JETTIES AT HUMBOLDT BAY, CALIFORNIA 


exposed to severe wave action within four or five hours after placing. 
This loss has not been sufficiently great to add materially to the 
cost. One severe storm carried away 25 feet of the outer end of 
the track, but to all appearance the damage was caused by un- 
raveling the enrockment which allowed the concrete to break down. 

The method of construction is: The enrockment is first brought. 
to an elevation averaging 2 feet below the finished grade with Class 
2 stone; pieces weighing from 1,000 pounds to 10 tons. None of 
the pieces of Class 2 stone are allowed to project above 6 inches 
below grade-—the bottom of the ties. Voids in the mass are then 
filled with Class 3 stone, pieces weighing from 3 pounds to 500 
pounds, and the top is leveled off at from 18 to 10 inches below 
gerade. Holes are choked by hand-placed stone. A rough form is 
made by tying wale pieces, 6 by 8 inch by 20 foot ties, together 
with wires 5 feet apart, and nailing to them short vertical boards 
with bottoms in contact with the rock. A rock dam is built at the 
front end of the form.  Conerete is mixed rather dry, deposited 
with a cubie yard self-dumping and self-righting bucket, handled 
by the stone-unloading crane. The concrete is brought to within 
an inch or so of the bottom of the ties. The end tie is brought to 
orade, the crane rails laid, and the ties placed and spiked. Con- 
crete is then continued to the top of the ties. 

The conerete mixer is mounted on the end of a standard flat ear, 
the discharge shoct delivering over the end. Mixing water is sup- 
plied by gravity from a tank on the opposite end of the car. Oil 
fuel is supphed by gravity from a tank near the water tank. The 
oil and water tank also supply the stone unloading erane. Oil is 
pumped and water flows by gravity to the crane supply tanks. 
Cement for a day’s operation is carried on the conerete mixer 
car. 

The concrete is machine mixed in a Foote Batch Mixer of 21 
eubie feet capacity, end-discharge type, steam driven. 

At the outer end of the jetty there are two working tracks. All 
material and equipment are regulation master-car builders’ pat- 
tern and dimensions. The tracks are 14 feet 784 inches, center 
to center. When in operation the concrete mixer car occupies the 
left-hand track, and the car containing the aggregate the right- 
hand track. A working movable platform fills the space between 
the cars, leaving about 1 inch clearance over the stake pockets. The 
elevation of the platform is the same as that of the car decks. The 
ageregate is shoveled directly from the ears into the charging 
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skip and a large barrow. The charging skip is marked by a row 
of rivets at the height containing the charge required. In order to 
work a sufficient number of shovelers to keep the depositing bucket 
in motion it was found necessary to provide a greater length than 
was possible by shoveling into the skip alone. A two-wheel barrow, 
running on rails and holding about 15 cubic feet, was mounted on 
the mixer car. This allows the charging shovelers to be distrib- 
uted over the whole length of a standard flat car. 


The most economical crew for depositing conerete is eight laborers 
charging aggregate, one laborer charging cement and one engine- 
man operating mixer. The concrete is placed, spread, and tamped 
by the regular stone unloading crew, consisting of. engineman, 
four laborers and the foreman. This crew will generally build a 
section of track 18 to 20 feet in length in two hours and fifteen 
minutes, including the construction of forms and placing ties and 
rails. 

Under the specifications for the material the contractors are 
allowed to supply either broken stone, crusher run, or unscreened 
river gravel for aggregate. The material supplied is tested for 
proportioning in the following manner: The aggregate as deliver- 
ed is screened and the portion passing a plate containing 14-inch 
diameter holes is considered sand, and the balance stone. If neces- 
sary, sand is added to form a mixture corresponding to a 1:2144:5\. 
The gravel supplied contains rather larger proportion of sand than 
is required. When broken stone is delivered it is necessary to add 
about 16 pounds of sand per 100 pounds of aggregate as received. 


Tests of the material delivered are made from time to time to 
form a reasonably close record of the proportions of the aggregate. 
This very rough system of measuring the material has resulted in 
a very fair concrete, the requirements of the work being considered. 
A more refined method of proportioning the materials, while per- 
haps resulting in a denser concrete, would render necessary sereen- 
ing and measuring plants and labor for handling and it is doubt- 
ful if any real economy would be effected. In order to accelerate 
setting during severe weather when the fresh conerete is exposed 
to wave wash within a few hours after depositing, the cement por- 
tion is sometimes increased. 


Conerete displacers, stone of from 3 pounds to 200 pounds, are 
added to the mass below and between the ties. 
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Stone for the work is supplied under contract by the Hammon 
‘Construction Company at the following prices: 


Per ton. 

Class. denko ene oo oe Se $1.74 
Class: 2223522 Se oe eee 1.56 
‘Class -°8_ 22 So ee i ee 1.50 
Glass 042 =. oc ee ee 1.50 


The following is printed from the specifications under which 
the stone is being supplied: 


DESCRIPTIONS OF MATERIAL, 


Class 1 Stone. To be of large pieces only, weighing from 10 tons 
‘to 20 tons each piece. These stones will be used for slopes on the 
outer end of the work, and none will be received until the jetty 
repairs have been extended 2,300 feet from the high water shore 
lines. Delivery of this stone will be required up to 500 tons per 
day when work is in progress on the outer ends of both jetties. 
Stone of Class 1 will be loaded directly on the flat car without the 
use of skips. 

Class 2 Stone. To be in pieces of 1,000 pounds each to pieces of 
10 tons each, in the following proportions: 

One-fourth of each day’s supply may be in pieces of 1,000 
pounds to pieces of 3 tons; one-half of each day’s supply must be 
in pieces of from 3 tons to 6 tons each; and one-fourth of each day’s 
supply must be in pieces from 6 to 10 tons each. 

This class of stone will form the major portions of the repairs 
to the jetties. It is expected that the delivery required will not 
be less than 1,000 tons per day after the work has been well com- 
menced on both jetties, and about 500 tons per day for the first 
‘season’s work. | 

Stones of Class 2, when in pieces under 6 tons each, must be 
loaded on suitable skips holding up to 10 tons of stone each. Skips 
will be strong and designed for lifting at the four corners. Four 
eorner hooks will be provided on each skip for the convenient at- 
tachment of the unloading crane spider chain. Skips will be kept 
in good working order by the contractor. 

Class 3 Stone. Will be used only for bringing the top of the 
rough mound to a nearly smooth tight surface and for conerete 
displacers. It will be in pieces not less than 3 pounds nor more 
than 500 pounds each, delivered on skips similar to those above de- 
seribed. Stone of Class 1 or Class 2 must not be loaded on ears 
carrying stone of Class 3. Stone of Class 3 will be used in de- 
ereasing amount as the jetties are extended. From 120 tons per 
day at the commencement of the work to about 10 tons per day 
when the outer end of the work is reached. 

Class 4 Stone. Will be used for making concrete. It may be 
elean crusher run of the same rock as used for the other classes, or 
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a good selected or washed river gravel may be used. It must vary 
in size from pieces with greatest dimension not more than 3 inches 
to the finest product of the crushers. If river gravel be used it 
must be thoroughly washed, all organic matter of any nature re- 
moved, and screened if necessary to exclude pieces greater than 
3 inches largest dimension. Either gravel or stone must be of hard 
durable rock which will not disintegrate in the finished work. 

Broken stone or gravel will be loaded on flat cars, provided with 
suitable sides. The amount required will vary from about 70 tons 
per day during the first part of the work to 8 tons per day for 
the outer ends of the jetties. 

Stone of all classes must be hard, close grained, and not lable 
to disintegrate in the work. It must be free from seams of any 
nature and of uniform grain and texture. It must be delivered 
free from all dirt, quarry refuse, or foreign material of any nature, 
preferably in nearly cubical blocks. The greatest dimension of 
any piece will not exceed five times the least dimension. It must 
weigh not less than 150 pounds per cubic foot, dry. Bidders will 
submit samples of the stone they propose to deliver and will name 
the location of the quarry or quarries which they propose to oper- 
ate. Stone will not be accepted for use in the jetty until the 
quarry from which it 1s to be supphed has been approved by the 
contracting officer. A compact stone of high specific gravity is 
desired. The weight per cubic foot and quality of the rock, as 
well as the price per ton, will be considered in making the award. 

The United States reserves the right after at least a season’si 
trial to require that no further deliveries of stone of Classes 3 
and 4 be made, but that the amount of stone to make up the un- 
delivered portions of the 30,000 tons and 14,000 tons mentioned in 
paragraph 18 be furnished of Class 1 or Class 2, or partly of each 
class. 

The approval of a quarry by the contracting officer shall not pre- 
vent the rejection of any stone not complying with the require- 
ments herein specified. 


The larger portion of the stone supplhed is a close-grained ig- 
neous rock, weighing about 198 pounds per cubic foot. It is very 
difficult to quarry, breaking into very uneven fragments. How- 
ever, by proper manipulation, a minimum of waste is secured and, 
as there is no covering soil to be contended with, the quarry is 
very satisfactory. 

A second stone supply from the same vicinity is a close-grained 
metamorphic sedimentary rock with irregular planes of division 
of argillaceous material. This stone weighs 167 pounds per cubic 
foot and is easily worked. On account of the seams and a con- 
siderable covering of soil, which cause a large amount of waste, it 
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has not been found advantageous to furnish any considerable quan- 
tity of this stone so far. 

The stone is loaded by the contractors on standard flat cars and 
hauled 7 miles to a loading point on a navigable channel, where it 
is placed on barges carrying eight cars each. When delivered at 








eres 


Fig. 10 (upper). Geared locomotive, Contractors’ Plant, lowers three loaded 
cars down 8 per cent incline. 


Fig. 11 (lower). Contractors loading derrick at quarry. 


the jetty receiving plant, it is unloaded and the empty ears are re- 
turned to the barges. From the loading point to the jetty landing 
is 9 miles. 

The above arrangement permitted the contract to be made for 
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the material only and the contractors have nothing to do with the 
actual jetty construction. The United States is not required to 
pass on the rock until it is offered for use at the jetty wharf. 


The contractor’s crew has numbered generally about one hun- 
dred men, employed for seven ten-hour days per week. The fol- 
lowing plant has been installed by the contractors : 


Four 20-ton stiff-leg derricks, 100-foot booms, with steam-driven 
hoisting and swinging engines. 

One steam crane, with shovel attachment, used for grading pits 
and tracks and for loading ears. | 

One two-stage, 16 by 10 by 14 inch, Ingersoll-Rand cross com- 
pound air compressor, electrically driven. 


One small jaw rock-crushing plant, electrically driven. 


In addition, there is the usual equipment of air drills, small 
tools, shop and mess equipment and appliances. 

Hollow drill bits are used, and since the installment of an air- 
driven Leyner sharpener no difficulty has been experienced in 
successtully quarrying the stone. The contractor’s transportation 
plant consists of fifty flat cars, 60,000 pounds capacity, 36 feet 
long, two car ferry barges and two tow boats. From the quarry to 
the landing the cars are handled over a logging railroad by the 
logging companies’ motive power. 

The contractors are now providing fifteen additional cars and 
a third barge. 

The receiving and depositing plant at the jetty, belonging to 
the United States, consists of a 100-foot span, three track apron for 
transfer from barge to shore tracks, adjusted to tidal elevation at 
barge end by counterweights, and fixed at 10-foot elevation at shore 
end; two locomotives; three flat cars for miscellaneous materials; a 
20 eubiec-foot concrete mixer mounted on a flat car; a 10-ton re- 
volving and traveling unloading crane, gauge of gantry 14 feet; 
water supply and distributing system; fuel oil storage and dis- 
tributing system; a repair plant with power driven tools for ordi- 
nary blacksmith, carpenter, and light machine work; an electric 
light plant; store house, mess house; crew quarters and necessary 
minor equipment for the work in progress. A new stone un- 
loading crane of 20 tons capacity is now in course of construction. 

The jetty crew varies from forty to fifty men working six eight- 
hour shifts per week. 

To January 31, 1913, the contractors have delivered the following 
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518 REBUILDING JETTIES AT HUMBOLDT BAY, CALIFORNIA 


quantities of stone which have been deposited on the south jetty: 


Class 2... ee 87.5i5 
Glass 8c eee ee eee 15,024 
Class 4.2.00 eg Se Se 4,460 


Fig. 12 (p. 517) is a profile of the South Jetty showing the prog- 
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Fig. 13. Showing amounts of different kinds of stone put in per foot of jetty, 
zero being at shore end. 

ress of the work, and Fig. 13 (page 518) shows graphically the 
amount of stone of different classes used per foot. 

This work has been under the direction of the following officers: 
vol. John Biddle, Lieut. Col. Thos. H. Rees, and First Lieut. Thos. 
H. Emerson, Corps of Engineers, U. S. Army. 


Notes on Field Fortification 
BY 


Maj. W. W. HARTS 


Corps of Engineers; Member American Society 
Civil Engineers 


GENERAL PRINCIPLES. 


There can be no doubt that the broad purpose of fortification is 
thoroughly comprehended by most army officers and that we very 
properly recognize in it a means of artificially strengthening a de- 
fensive position, in order to economize troops so that strong reserves 
will be available for the decisive action. 

The various kinds of trenches probably also will be assigned their 
correct tactical application,such as the hasty trench to assist in hold- 
ing a temporarily seized line in an offensive movement, the firing 
trench to hold more tenaciously a previously prepared site, and the 
fortified pivot or supporting point to resist distant artillery fire 
while sheltering the infantry troops which are awaiting the hostile 
infantry assault. But on the other hand, when called on to put our 
ideas into effect practically, a cloud of difficulties often arise in the 
minds of most of us. 

It is thought that a review of some of the elementary principles 
will be of service in clearing away a portion of these difficulties. 

Let me start by saying, first, that all field fortification is only an 
accessory to the tactical requirements of the situation presented; is 
only a means to an end and not an end in itself; a servant, not a 
master; a handy tool and not a shackle; and must always be so 
regarded. 

When well understood, its value to the commander is always 
great, and its aid is often indispensable, but it should be remember- 
ed that fortification exists for tactics, not tactics for fortification. 

Secondly, it may be added, all works should be simple. Not only 
is construction easier for the troops, but in all field fortification 
time is an element of enormous value, and simplicity saves both 
labor and time. It is, of course, well understood that simplicity in 
519 
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all engineering work is the essence of good design, and it scarcely 
needs to be said that the complex and ill-understood details in field 
fortification are invariably to be avoided in favor of the simple and 
the plain. The technics of the art should never overshadow its 
purpose. 

Thirdly, it is unwise to counsel perfection. It is not so bad to 
locate a trench wrong in some particulars if it can still be used 
effectively, but what sort of engineering would it be called should 
we take so much time in trying to select the best possible site or the 
best theoretical cross-section, that we will be unable to finish the 
trench in time to use it advantageously? Prompt decision in the 
selection of the site and energy in execution are of prime value. Ex- 
perience is lacking with many of us in the actual use of trenches in 
war and all ideas are, therefore, based mainly on the experience of 
others, as this is a practical subject. But it is far better to use 
one’s intelligence in formulating sound ideas on fortification prin- 
ciples and in investigating for one’s self the reasons for the various 
types and uses of trenches, than to vainly attempt to remember 
some rigid or complex rules which may so hamper initiative as to 
defeat their purpose. 

Fourthly, troops under fire can not remain stationary without 
some kind of cover, either artificial or natural. On this principle 
rests the justification of all the labor and expense that are so often 
necessary. 


TACTICAL USES OF TRENCHES.. 


Field works to-day may approach near to semi-permanency. As 
line officers, we are more particularly interested in trenches which 
are constructed by troops in the field with the means at hand. 
Among these works are the hasty and the firing trenches, with per- 
haps some of those improvised structures which provide stronger and 
more reliable cover for special points. Permanent works will be 
rarer in the experience of line officers, as they tend more to the na- 
ture of protection of strategic points when time is usually ample 
and more deliberate work is possible. They usually fall within the 
province of the engineer, although it should, of course, be remem- 
bered that there is no hard and fast rule for dividing trenches into 
definite classes as has sometimes been done. They all merge into 
one another by imperceptible degrees or develop from one into 
another in use. In fact, it seems plain that ordinary field trenches 
may with time be so strengthened as to furnish all that is usually 


NOTES ON FIELD FORTIFICATION Ey 2. 


demanded of permanent land defense. The skirmisher’s pit or the 
rough stone pile, log or mud wall afford examples of one extreme of 
which the elaborate seacoast fort is the other. 

There are two aspects of all fortification work, viz: the tactical 
and the technical. Let us first examine the tactical. 


TRENCHES ON THE OFFENSIVE. 


Although trenches are thought to be pecularly a defensive meas- 
ure, they are not exclusively so, as they are often used in offensive 
movements with excellent effect. 

The hasty or skirmisher’s trench is often built under fire, and al- 
most never built except under extreme urgency. It may at times, 
through necessity, be located without much attention to the ground 
and without much care as to its shape or profile, but even then a 
good general line should be maintained and a good field of fire se- 
eured notwithstanding the fact that cover and concealment must be 
obtained quickly. 

The Japanese were often seen to pause in their rushes during the 
attacks on the Russian fortified positions, he down long enough to 
dig a pit, pile up the earth before them and thus obtain some cover. 
In advancing under fire the Japanese troops rush forward in skir- 
mish lines, drop to the ground along a line selected and held by the 
non-commissioned officers, and each alternate man fires at the enemy, 
while the other digs a pit in a lying position. These pits are con- 
nected by means of a trench and improved by succeeding waves of 
skirmishers. 

Usually in the later stages of this war advances over the open 
ground were too costly and entrenchments were made in new 
positions after dark, for which daylight reconnaissances had been 
conducted beforehand. 

These skirmishers’ trenches seem to be the most closely identified 
with tactics of any, and give some justification for calling the spade 
an additional arm of the service. Digging these hasty trenches is 
receiving much encouragement among foreign armies, for it is 
being realized that such trenches will be more and more necessary 
in the attack in the future, if infantry fire continues to improve in 
yolume and accuracy as it has in the past. 

As far back as the Atlanta Campaign in the Civil War, the troops 
on both sides made effective use of hasty trenches on the offensive. 
No sooner had they gained a position than it was at once entrenched. 
Their three years’ experience had taught them where, how, and 
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when to entrench. Sherman, in his Memoirs, says: ‘‘ Troops halt- 
ing for the night or for battle, faced the enemy, moved forward to 
ground with a good outlook to the front, stacked arms, gathered 
logs, stumps, fence rails, anything which would stop a bullet, piled 
these to the front and digging a ditch behind, threw the dirt for- 
ward and made a parapet which covered their person as perfectly as 
a granite wall.’’ While holding the Confederates in their trenches 
before Atlanta by a vigorous rifle and artillery fire, Sherman’s 
trenches were frequently extended beyond one cr the other of 
Johnston’s flanks, and the Confederates forced out of their lines, 
often without an assault. 


In the Boer War, the capture of Gen. Cronje, at Paardeburg, was 
effected by the systematic use of trenches on the offensive after as- 
saults in the open had failed. After surrounding the Boer position 
with an entrenched line some days before, a small force of English 
were enabled one night to secure by a daring attack a position in 
close proximity to the Boer lines. This they immediately entrenched, 
although under heavy fire, and by daylight enough men were in 
a secure and advantageous position to enable them to enfilade the 
Boer trenches with such effect that the Boers were foreed to sur- 
~ render before the next night. 


In Manchuria, the Japanese entrenched in one night seventy-two 
field guns and twenty howitzers on an island in the Yalu River 
directly in the Russian front, and at daylight smothered the Russian 
fire in a very unequal combat, during which the Japanese batteries 
were not hit once nor even found, they were so well concealed. 


The adoption in most armies of the modern, quick-firing, short- 
recoil field gun has made battles progress more slowly and last 
longer in recent years than formerly. They have forced the in- 
fantry line to seek cover at a greater distance. In the advance on 
an entrenched position, it will be difficult for the attacking force 
to tell positively from what quarter the hostile fire comes. Smoke- 
less powder, concealed trenches, and artillery firing by indirect 
laying will so conceal the defenders that but little will be seen, and 
the noise and hits of the shrapnel shells and rifle bullets may be the 
only tangible evidence of the defenders. For this reason some 
concealment of the attacking force is likewise necessary. Whenever 
a forward movement is undertaken against a well-defended line, 
it must invariably be from point to point, each step to be firmly 
secured and covered before the next step is attempted. For this 
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purpose trenches of some kind will be found indispensable in open 
country. 

In the English Manual of Combined Training the tactical plan 
of attack recommended is, ‘‘To outflank at least one of the enemy’s 
wings, to seize localities from which a searching and sustained fire 
may be developed against a weak point of his position, to strike 
at that point heavily, unexpectedly with the greatest strength pos- 
sible, and elsewhere to establish bodies of infantry so close to the 
enemy’s line as to hold him to his ground and to prevent him from 
either changing front or from reinforcing the trcops defending the 
line of attack.’’ In every stage of such operations the various 
separate steps can be secured and held only by using cover. If the 
points are seized in the daytime some kind of a skirmisher’s trench 
will be found necessary to hold the position, until night arrives, 
when concealment will be afforded for strengthening the position 
and for constructing communicating trenches, by means of which 
reinforcements may be brought in by day. If seized at night deep 
standing trenches will likely be constructed at once, to be held 
tenaciously the next day. In any case, such an advance can only 
be made by using some kind of cover, of which the ordinary stand- 
ing trench will probably be relied on oftenest. If the country is 
level, more digging will of course be necessary, especially if the 
supports and reserves have to be protected by trenches or parapets, 
than where folds and undulations in the ground provide some 
natural cover. 


DEFENSIVE USE. 


We have seen that trenches may be used effectively on the attack, 
but it is on the defense that their use is especially applicable. 
Furthermore, on the defense their use is usually better and more 
widely understood. A warning has been given, however, by some 
military writers that trenches tie the troops to the ground too 
much, render them less mobile and more averse to leaving their 
positions for an offensive movement. This, of course, apples with 
more force to untrained troops than to seasoned soldiers, and 
the remedy is certainly not to abandon altogether the help that 
trenches afford. In this connection it should be borne in mind 
that decisive results can seldom be obtained by defensive action 
alone and fortifications must never be allowed to dominate tactics. 


The possibility of assuming the offensive should never be abandoned 
by the defenders. To adopt a phrase from an English text-book, 
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‘‘The hornets’ nest rather than the hedgehog should be the de- 
fenders’ symbol. It is not enough to present a bristling front to 
the enemy, he must be stung if he approaches too elose.’’ In the 
siege of Mafeking during the Boer War seven hundred men within 
a line 5 or 6 miles long around the city held back a Boer army of 
eight thousand men and ten guns for a month, and held out for six 


months longer against four thousand men and six guns, inflicting a _ 


loss reported at over one thousand killed and wounded. During 
this siege one of the Boer attacks was met by a counter-attack in 
which one hundred and eight Boers were captured. 

It would manifestly be a mistake for an alert commander not to 
inflict a loss on the attackers if a favorable opportunity should pre- 
sent itself, and in fact one of the purposes of entrenchments is to 
enable an effective reserve to be held for such contingencies. 

On the other hand, it was plain from the operations in Manchuria 
that strongly fortified positions can not be taken by frontal attacks, 
except after long delay and much loss. They will yield only to a 
long artillery bombardment and a step-by-step advance of the 
infantry. This usually makes a flanking movement necessary, and 
time and again the Russians abandoned carefully prepared positions 
as soon as the Japanese flanking movement became effective. 


DIVISION INTO SECTORS. 


The tactical arrangement of defensive positions deserves close 
attention. Every defensive line, whether bent around some posi- 
tion it is protecting or extended along the front of an army should, 
as a rule, be divided into independent sections or sectors of such 
size as can be well commanded by one man. In this way tactical 
units with their supports, reserves, supply, ete., may be kept to- 
gether and the duty of attending to the multitude of details may 
easily be divided by the commander among a number of subord- 
inate officers. This separation of the defensive front is needed 
mainly for better field control, but it should extend to administra- 
tion and supply as well. 


The outer line of trenches would ordinarily be manned in groups, — 


thus enabling units to be kept intact. For example, out of each 
battalion assigned to the trenches we may expect either one or two 
companies to form the supports, depending on the nearness of the 
enemy, the natural strength of the position and the likelihood of 
attack. These supports are kept in a concealed place behind the 


line of trenches, within about 300 yards, in order to be within easy — 
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reach in case of an attack. Periodically they change places with 
the men in the trenches, to relieve them of the strain of being con- 
stantly under fire. Supports will be protected usually behind a 
fold of the ground and have protected communicating trenches with 
the front line. Out of each regiment assigned to a section we may 
expect about one battalion to be held as a section reserve, or if a 
larger force is assigned to a section about one-third or one-half 
may be selected for a section reserve. This reserve should be at 
the headquarters of the section, and be near the center, where it is 
easiest to reach the various units on the front line. If the position 
is to be occupied for some time, it should have wire communication 
with the supports of the larger separate units in the trenches, such 
as battalion supports, and should be connected with the head- 
quarters of the command and with the various supply depots. 

There seems great need of supplying each regiment with a simple 
telephone outfit to enable it to reach at least three points from the 
regimental headquarters. Although this has been proposed before, 
no steps have yet been taken in our army toward enabling a regi- 
mental commander to communicate with his principal units, which 
are often scattered over a long stretch of front. If the time allows 
and the site favors it, a road a short distance in rear of the first 
line of supports should be constructed for better communication 
along the front. 


GENERAL RESERVE. 


A strong general reserve consisting of complete units, as far as 
practicable selected in turn from the entire command and amount- 
ing to as much as one-half of the entire force, is strongly advocated 
by many authorities. In case of a persistent attack on a weak place 
in the line the local reserves and general reserves might be brought 
into the front line of trenches and would be likely to be held there . 
during the attack. If, then, the commander has no other reserye 
force left, he has lost all hope of influencing the combat by a 
counter-stroke and may not be able to meet any new developments 
on the part of his adversary. 

It is considered better to strengthen a hard-pressed part of the 
line by moving troops from another part not so strongly attacked, 
rather than rush in the general reserves too soon. The necessary 
weakness of a long line inadequately defended, which will be 
necessary at times in modern warfare, will frequently be largely 
neutralized by a strong mobile reserve moving on interior lines 
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along good communicating roads, ready to reinforce vigorously 
any threatened point. 

To summarize, therefore, from one-quarter to one-half of the 
entire force should constitute the general reserve and the remainder 
be distributed in the various sections of the front as needed. In 
each section it 1s advocated that about one-quarter to one-half of 
the force assigned to it should constitute the section reserve, and of 
the troops remaining about one-half or two-thirds should be sup- 
ports. About one-fourth to one-sixth only of the section’s force 
will actually be in the trenches before being attacked. It seems 
to be desirable to reduce the force of men actually in the trenches 
to the smallest number consistent with safety. No exact proportion 
of reserves and supports can be given for all cases and the foregoing 
is only stated as a guide in forming one’s own decision, which must 
always depend on the conditions peculiar to the ground, including 
the shape of the front, whether straight or curved, the size of the 
garrison, the enterprise of the enemy and the interior communica- 
tions. 

But room in the trenches must usually be made for all the troops 
in the section, including perhaps space for some of the general 
reserve, so there must be some calculation made as to how much 
trench must be built or how much front can be occupied. 

Trenches must always be able to furnish enough aimed rifle fire 
to stop any ordinary infantry attack across the open space in front. 
It is plain that this will vary greatly in different terrain. One 
might suppose that the enormously increased power and rate of fire 
of the modern rifles had lessened the number of rifles necessary, and 
that the old rule of thumb of one man per pace of firing line is no 
longer required. Such density is no longer necessary, except per- 
haps for a short time for repelling assaults after the attacking 
troops have managed to bring a large force within close assaultng 
distance. At such times the maximum amount of fire possible is 
needed. Men can not use their rifles accurately if occupying less 
space than one pace of the front. This may then be adopted as a 
maximum density required for any part of the front where a close 
attack may be delivered. This assumes that a part of the general 
reserve is on the line. At other places less hard pressed more 
length of trench and less density will be possible. An English au- 
thority has even stated that one man to every eight or ten paces 1s 
enough to check any infantry assault on a well chosen position, or 
including reserves and supports from two to five paces per man. 
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We may safely conclude that from 1 to 4 yards per man, in- 
eluding sectional reserves and supports, are limiting estimates de- 
pending largely on the ground. The density suggested in our field 
service regulations, including supports and local reserves, is one 
man per yard, giving a front of 750 yards for the battalion, in- 
eluding intervals of 100 yards between companies, 1,500 for the 
regiment, and 4,500 for the brigade. The judgment of the officer 
as to the strength required will have to be exercised in each of the 
larger parts of the line in order to have it fairly balanced, increas- 
ing the density in some places and decreasing it in others. 

If we assume that the brigade is to be the defensive unit assigned 
to a section of the line, it would cover a front varying from about 
2% miles to perhaps four times that length, depending upon the 
size and mobility of the general reserves, the natural strength of 
the position and the aggressiveness of the enemy. 


LOCATION OF TRENCHES. 


Having examined briefly the tactical application of entrench- 
ments to the offensive and to the organization and strength suitable 
for the defensive, let us take up for a moment the most desirable 
location for trenches or ‘‘siting,’’ as it is called by some. The 
first and most important desideratum is a good field of fire. With- 
out this no trench can be called well placed. It is the primary 
purpose for which the trench is constructed and should have the 
first consideration. The field of fire is not a good one unless_it per- 
mits the full use of the weapons of the defenders over a zone wide 
enough to prevent a successful assault. This requires a level or 
shightly sloping open space in front for 400 to 600 yards. Fire 
over a parapet is not very accurate when the rifle is held at a con- 
siderable angle with the lines of the work, such as 15° or over. 
Parapets should therefore be fairly straight and at right angles to 
the fire. There should be no dead space in front which is not 
covered by a neighboring trench. For best effect fire should be 
grazing or parallel to the ground and not plunging from a height. 
The second requirement in good location 1s concealment. This 

is favored by low parapets with some sort of background, narrow 
trenches, avoidance of sky lines, absence of sharp crests and angles, 
low site and a treatment of the disturbed soil and parapets to make 
them correspond in appearance with the surrounding ground. 
Time and labor spent in concealment are always well rewarded. 
The third requirement is safe cover. This is obtained by making 
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the parapets thick enough to resist penetration, by making deep 
and narrow trenches with steep sides, by building many compara- 
tively short lengths of trenches separated from each other by an 
intervening stretch of undisturbed soil as a traverse, and by widen- 
ing the trenches under the surface as practiced by the Boers, and 
if time permits it by providing overhead cover. 

It requires about 3 feet of earth to stop a rifle bullet; about 
double that, 6 feet, to stop a shell of a hght field piece, and about 
_ double that again, or 12 to 14 feet, to protect against heavy artillery 
fire. All these distances are, of course, measured along the line of 
fall. About 6 or 8 inches of compact earth will protect against 
shrapnel bullets and splinters. <A slope of about 1 vertical to 5 
horizontal or flatter in the pathway of an artillery projectile will 
almost invariably deflect it upward, and if the parapet is so de- 
signed as to present such a slope, especially if inconspicuous, thin- 
ner parapets may often be adopted with reasonable safety. 

A fourth requirement is to locate the trenches with a view to hav- 
ing them reinforced or emptied unseen from the front. High sites 
favor this requirement and are usually to be selected for rear guard 
actions, although low sites are always to be preferred for more 
aggressive defense. 

Where the ground is undulating a location for supports in rear 
can usually be found where they may be screened from view and 
covered from fire by the shape of the ground. It will often he 
found that communicating trenches will be needed to reach these 
protected areas from the firing trenches, and these communicating 
trenches will usually have to be broken and sometimes zigzagged 
or traversed to avoid enfilading fire. Cover trenches for the sup- 
ports and sometimes for the reserves will be needed in flat country, 
as some sort of concealment for reinforcements is absolutely neces- 
sary. 

A fifth requirement should be to select the site so as to force the 
enemy to advance over a narrow and well swept front, over difficult 
ground, streams or cleared land, where he will be exposed as much 
as possible, where his fire can not be well developed and where his 
free movement will be impeded. 

It is plain that all these requirements seldom can be met, but it 
seems equally plain that the location meeting most of them will be 
the best. Selection of sites may always be expected to involve a 
balancing of advantages against disadvantages. To obtain the 
same view of the field of fire that the man in the trenches will have 
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it is necessary to select locations by placing his eye on his level. 
The outlook from a standing position on the surface is sometimes 
very different from what it is in the trenches and may even require 
the trenches to be moved forward or backward to uncover the dead 
space often found behind intervening hillocks. Preliminary loca- 
tions should always be tested by examining the ground from a 
sighting position about a foot or so from the surface. 

In concealing trenches, too, it is always desirable if it can be 
done to go to the front and view the trenches from nearby hills at 
about artillery range. Even if no more than a few hundred yards 
are possible, it will often indicate what, if anything, is still de- 
sirable for more complete concealment. 


@ 
HIGH OR LOW SITES. 


There has been some discussion from time to time as to which is 
preferable, a high or a low site for trenches, and the best test to 
apply is which gives the best field of fire. Grazing fire, nearly 
parallel to the surface, is generally believed to be most effective for 
small arms, as it increases the danger space. This leads to the 
usual selections of low sites in spite of the fact that greater pains 
must be taken in constructing connecting trenches, that more diffi- 
culties will be met with in reinforcing or emptying the trenches, 
and that they may be more easily searched with hostile shrapnel. 
But on the other hand they are more easily coneealed, having a 
better background and there is usually more choice in the selection 
of their sites and less likelihood of difficulty with dead spaces in 
front. For rear guard actions where easy withdrawal is necessary 
high sites are desirable, but for more determined resistance the low 
sites are usually preferred if the field of fire is satisfactory. 


ARTILLERY DISPOSITION. 


The greatest change in entrenched lines in recent years has 0oc- 
eurred in the artillery disposition due to the perfection in firing 
by indirect laying. It is no longer considered necessary or even 
desirable to bring guns into the foremost infantry line, as con- 
cealment and easy withdrawal are both more important than direct 
fire. To silence the enemy’s artillery 1s one of the necessary objects 
of the artilleryman, so that batteries may always be expected to 
draw the hostile artillery fire. No batteries should, therefore, be 
located near reserves, supports, and infantry lines. It is seldom 
that artillery will need much artificial cover and its best protection 
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is its concealment and mobility. Artillery positions are usually 
somewhat in rear of the entrenched lines where they may be screen- 
ed from view by natural cover from which they may be easily re- 
moved to another site as soon as the enemy has found the range. 
Many alternative sites are previously selected and ordinarily dis- 
persed sufficiently to furnish a well concentrated cross fire on each 
possible line of advance of the enemy’s infantry. Dispersion is 
needed to minimize the effect of hits, if the location of the battery 
is found. Light field guns should be taken to whichever previous- 
ly selected site will give the best effect of their fire, without special 
attention being given to the rules formerly followed requiring 
that their positions should be on the flanks. It is now the rule 
rather than the exception to fire over the infantry lines. This 
affords to the artillery a much wider choice of position than former- 
ly. Heavy artillery will conform more or less to the same prin- 
ciples, but the greater difficulty in their removal will limit their 
mobility and require them to remain longer in prepared positions 
which will often require much more extensive artificial cover. 

It is the general rule of the French Regulations that every field 
artillery position should be furnished with trenches, whether the 
guns are hidden or not, and that additional sites for direct fire 
should always be prepared in advance for possible use. The heavy 
artillery will usually all be used in the entrenched position with- 
out any in reserve. The purpose of this is to cover as much of 
the front with its fire as possible in order to check the enemy’s 
infantry advance and prevent his batteries from being erected with- 
in range. Some of the hight artillery, however, in each section will 
be with the section reserve and the remainder will be available for 
whatever site it may occupy to the best advantage. Artillery posi- 
tions will usually be chosen by the chief artillery officer as soon as 
he learns the commander’s general requirements. Artillery will 
build its own entrenchments and supply its own wire communica- 
tions. 


SINGLE DEFENSIVE LINE, 


Some question has arisen as to whether a single line is best on 
which all the defensive means are concentrated, or whether ad- 
vanced positions well entrenched should be adopted with successive 
lines in rear on which the troops may rally 1 driven out of the 
first. 

The Russians in their recent war adopted almost everywhere 
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the latter plan. They placed points of support in the form of re- 
doubts in rear of the entrenched outer line and expected to fall 
back on these points of support when driven out of the advanced 
positions. Frequently this was accompanied by great loss at the 
critical moment of leaving the trenches, and the foree when it 
reached the retired position was sometimes so badly shaken as not 
to be worth much for the defense. Many cases are reported, how- 
ever, where the Russians’ advanced position held out for days and 
an orderly retreat to the principal position was effected, where a 
good defense was then made. But Tchabel, a Russian engineer officer, 
after reviewing the various cases coming within his experience, de- 
elared in favor of the single line, as a principle. 
~The German Drill Regulations state that ‘‘it may be taken as a 
guiding prineiple to have but one line which may be strengthened 
by all possible means,’’ although in another paragraph they say, 
“‘behind threatened points and behind those where the terrain is 
favorable, special points of support may be constructed.’’ The 
Germans prefer the single line mainly as it gives a better view of 
the tactical movements and affords simpler control of their units 
for a combined effort. 

The French Regulations express a preference for advanced posi- 
tions. 

At Liao Yang three successive lines of defense were built by 
the Russians, not including the line of advanced outposts. When 
attacked by the Japanese there was a desperate struggle for the 
outposts only, and when these were captured the main position 
was promptly sacrificed. 

The Japanese entrenched lines were not often tested severely, 
but they usually adopted simple, long, fairly straight lnes with 
echelons on the flanks and only occasionally a redoubt or rallying 
position. 

There seems some doubt whether troops in modern war will stand 
the strain of battle several times in succession, as would be required 
by several lines. If the first line were not weakened by the troops 
required to hold the second line, and if the knowledge of this second 
line were not constantly in mind, the first line might be much more 
strongly held and a more determined resistance made. 

The weight of opinion based on the most recent war experience 
inclines toward the single line for the usual case. Even the Rus- 
sians, although favoring several lines, finally moved their support- 
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ing points nearer and nearer the first lines as the war progressed to 
get a better field of fire and unite their efforts in defense. 

The entire organization of a defensive line, the division of the 
force into supports and reserves and the arrangements of the com- 
munications in rear, are all based on the utmost effort being exerted 
on the single line selected and any other plan will likely sacrifice 
part of the defender’s strength by interfering with its full develop- 
ment. This should not be understood to imply that advanced 
positions are never to be occupied, for cases may arise when such 
occupation would be plainly indicated as necessary. Such ad- 
vanced positions in general should be so situated that they may be 
supported from the main line, be under its fire if captured and be 
readily abandoned without undue loss when no longer tenable. 
Nor is the single line theory to be understocd as preventing a com- 
mander from selecting positions in rear where his general reserves 
may form or where a more protracted defense may be made should 
his main line be pierced, but the preparation of such sites is better 
left until their necessity and location are plainly indicated by the 
progress of the action. 


2p PaRT—ENTRENCHED LINES. 


In this country where our immediate neighbors are numerically 
weak, it is difficult to see any good reason for constructing defenses 
against a land force long in advance of hostilities. Practically all 
of our measures of this kind must be improvised. Hastily built 
trenches may ultimately grow into works of great strength if the 
emergency should require and the time be available. 

Reference has already been made to the use of the shelter trench- 
es for the offensive. Although their general location will usually 
be designated by some one in authority, the actual location of each 
man’s trench must often be decided upon by himself and he must 
be taught and relied on to move forward or back until he secures a 
full field of fre: .- 

It is in the location of the fire trenches of an occupied defensive 
line that more care is possible, and an analysis of the essentials of 
a good line will be more useful than remembering rules. 

To begin with, the lime when chosen on varied ground will be 
found to consist of a series of points of some natural strength on 
which the line will rest. These points will usually be knolls, ele- 
vated ridges or forward slopes where positions may be found giving 
a good fire control over the front or where some obstacle such as a 
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swamp or creek may make it difficult for an enemy to attack with- 
out considerable exposure. Hach point of this kind may be called 
a supporting point or pivot for want of a better name and will, 
ordinarily be defended from a group of trenches so placed as to 
cover the front and flank without having any dead spaces. They 
will invariably disturb as little as possible the natural appearance 
of the ground. 

In these supporting points there may be placed machine guns 
for flank protection and if time allows and the conditions require 
it, overhead cover for some of the troops. 

The trenches will be short, seldom longer than a company front, 
laid out on contours and connected with each other and with the 
rear by concealed paths or trenches. Supports will be concealed 
behind a knoll or ridge and blindages, covered trenches, or other 
protection will be constructed for them if found necessary. The 
normal force for such a supporting point would ordinarily be 
about two companies, of which one company or perhaps only one 
platoon would be constantly in the trenches and the remainder in 
support, but trench space to develop the fire of all the garrison with 
some additional space for the reserves should ordinarily be prepared 
and ready. 

Each supporting point in the entrenched line should dominate 
the surrounding area to the front and flank up to the limit of its 
effective fire. If the surrounding area is open and without cover 
for the enemy, the width of this surrounding zone might be from 
1,000 yards to 1,250 yards, whereas it might otherwise be as small 
as 500 yards or perhaps even less if the country were much cut 
up. If two adjacent supporting points are so placed that their 
areas of fire overlap, there will obviously be no point through 
which an attack can be made that will not be under fire. This in- 
terval between supporting points may thus vary from 1,000 to 
2,500 yards, depending upon the ground. The intervals between 
will be further protected by ordinary trenches, and the entire line 
will thus consist of a series of small groups constituting pivotal 
points and intervals with trenches mutually supporting each other, 
each covering its own front and giving a cross fire over a part of 
the line. 

These natural points of support were formerly defended by re- 
~ doubts or other closed works and this means of defense was at first 
followed by the Russians in their late war. They were often 
effective, but usually presented conspicuous targets disclosing their 
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positions and were often congested with men and artillery, thus 
increasing their losses. More effective curved fire on the part of 
the Japanese would have made them even worse shell traps. 

The German Regulations limit the use of closed works to a few 
cases, such as where an isolated point is to be held by a few troops 
or is subject to surprise or where the use of artillery is improbable. 
In the ordinary case a supporting pivot composed of a group of 
trenches is preferred in their regulations. 

The English Field Manual likewise advocates a group of trenches 
for a supporting point in the front line. This manual states that 
redoubts or closed works should never be built on sites where they 
will be recognized as redoubts by the enemy. This limits their 
use to somewhat retired positions where they may be concealed. 

An English writer describes the modern design of supporting 
point as a redoubt taken to pieces and the parts so distributed as 
to afford the best fire with the most concealment. 

It may be said, however, that in broad, flat country redoubts or 
closed works may sometimes be necessary and that in these cases 
the plan may approach a type design, but even these works should 
be as inconspicuous as possible, thus requiring a low relief above 
the ordinary surface. 


GENERAL LOCATION, 


The general location of the line of works is decided by the 
commander in accordance with his mission.. It must be so placed 
as to keep the enemy’s artillery at a sufficient distance to prevent 
effective bombardment of the towns, docks, stores, naval bases, 
railroad terminals, bridges or whatever centers he may be ordered 
to protect. If he is only expected to block an enemy’s advance, 
the nucleus may be his own base or his stores of supplies. If aimed 
and observed fire is possible to the enemy, the line should be situ- 
ated so as to keep him about 10,000 yards away. If such aimed fire 
and observation of hits are not possible, the hne may be brought 
in closer and thus shortened. 


TRENCH PROFILES. 


In examining the kind of trench that is adaptable to our 
purposes, we notice many new tendencies. The high parapets and 
broad trenches of a few years ago have given way to the deep and 
narrow trenches with low parapets. This might be expected from 
the improvements in rifle and field artillery fire, but the Russo- 
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Japanese War has pointed out many other improvements in these 
matters as well as in obstacles, overhead cover, hand grenades, 
searchlights, and other accessories. In the beginning the Russians 
sought to content themselves with kneeling trenches to save labor, 
but were forced to adopt standing trenches before long to reduce 
their losses. The German Regulations state that only lack of time 
will justify kneeling trenches and that standing trenches ordi- 


narily should be provided. The height of the Russian trench from~ 


bottom to crest was usually 2 meters (about 614 feet) and the 
German Drill Regulations specify 1.9 meters (about 6 feet 3 inch- 
es) ; Japanese, 5 feet 7 inches. . 

In their recent war the Russians commenced by using trenches 
cut entirely in excavation, making it necessary to carry away all the 
earth removed, but they found that on distant slopes the hghts and 
shades made these trenches quite as visible as those with parapets 
and that the additional work was not justified. 

The field of fire and shape of the ground and its vegetation will 


usually of itself determine where the crest line should be placed, _ 


whether raised above or lowered to the level of the ground. Usually 
the crest of the parapet should not be over about 18 inches above 
the ground and the top surface should be a single, gentle slope, as 
both of these conditions favor invisibility. The inside wall of the 
trench should be as nearly vertical as possible as this provides 
better shelter, and an elbow rest about 9 or 10 inches below the 
crest and about 18 inches wide is helpful to the soldier while firing. 

A trench narrower than 2 feet can not be conveniently dug 
and used, and this is too narrow for two men to pass in or for a man 
to sit in with his back to the parapet; 3 feet is the minimum for this 


purpose. <A height of 4 feet 3 inches or 4 feet 6 inches from the bot-— 


tom of the trench to the crest of the parapet is necessary fora man 
firing while standing. 
If a trench 2 feet wide and 3 feet deep were dug with vernel 


sides and a parapet 18 inches high with a slope to the front of 1 on 


6 were made of the excavated earth, we would have the simplest 
trench a man can conveniently fire-from, but when not firing he 
would have to crouch down to be protected or sit facing the end of 


the trench. In soft earth this trench will require one hour’s work — 
for 5-foot tasks. Widening the trench to 3 feet will take 


another hour, but will enable men to pass in the trench and permit — 
the defender to sit with his back to the enemy. If now we deepen ~ 
the rear part of the trench 2 feet more, taking about one to one ~ 
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and a half hours more, a good trench will result, sufficiently deep 
to protect a man walking erect, and by using brush and poles for 
a support for a covering of earth and by widening the trench back- 
ward, it may be converted into a standing trench with overhead 
cover in about nine to ten hours in all. To better fix the necessary 
dimensions in memory it will usually be sufficient to remember the 
size of the simplest trench, namely, about hip deep with vertical 
sides and wide enough to sit in. The parapet should be only high 
enough to conveniently fire over. With this as a basis, all the re- 
maining development will suggest itself from the necessities pre- 
sented at the time. For better communication in the trench and 
to sit with one’s back to the parapet some widening will be neces- 
sary, and to afford protection to a man walking erect to the rear 
the trench must be deepened to bring the soldier’s head below the 
parapet. The soldier can usually be relied on to make these im- 
provements with the least labor. 

Revetments when required may be made of fence plank, sand 
bags, barrels, brush or anything of the sort that is at hand. We 
may almost always expect to get sod in open country and brush in 
wooded places, so that some revetment may nearly always be made 
easily with materials at hand. Sod makes a fair revetment when 
cut and laid grass-side down, and stakes to hold up a layer of brush 
will often do as well as more elaborate work. Gabions and fascines 
are no longer in use, except in some of the more deliberate siege 
operations. 

The essentials of the profile may then be stated to be: First, a low 
bullet-proof parapet not over about 18 inches high, with a single, 
gentle outer slope, not steeper than 1 on 6 and an elbow rest 9 
inches below the crest; second, a narrow trench with vertical or 
nearly vertical sides and of sufficient depth to cover a man stand- 
ing, and wide enough to sit in and permit another to pass; third, 
some protection from enfilade or oblique fire by using traverses or 
special arrangement of the ground plan; and fourth, a bottom slope 
with a gutter for drainage. 


OVERHEAD COVER. 


If overhead cover is to be provided, it should ordinarily be under 
the front parapet rather than somewhere in rear. This serves to 
keep the men near their defensive lines where they can quickly 
move to their firing position. All projections above the parapet 
that would disclose -the location must be avoided, as well as all 
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breaks in the crest that reduce the number of rifles and increase 
work. A design should ‘be adopted that will permit the work al- 
ready done on the simpler trenches to become a part of the new 
plan without waste of time and labor. Overhead cover for as many 
men as practicable will be found very desirable if time allows. It 
need not be very heavy. Splinter proofs in the trenches for all 
the troops was the practice in Manchuria. 


LOOPHOLES. 


Some form of head cover, such as loopholes, notches in the crest, 
head-logs, or sod embrasures, is advocated by many eminent soldiers. 
as helping to steady the men, increase the accuracy of their 
fire and reduce losses. Others, however, have held that they reduce 
the number of rifles, restrict the fire to a frontal direction and dis- 
close to the enemy’s artillery and infantry the location of the 
trenches, thus defeating a part of their purpose. Firing through 
a visible loophole is more dangerous than firing from an invisible: 
trench. There will undoubtedly occur many places, however, 
where head cover or at least concealment of heads during firing 
ean be used to advantage, and the local conditions will usually 
settle this question one way or the other. 

The Japanese sometimes used piles of mud between which they 
fired. The Germans think loopholes and head cover unnecessary 
in field fortifications, whereas the English usually favor them. 

A satisfactory solution of this question would apparently be to 
place sand bags in the trench, to be placed on the parapet as ‘‘head- 
ers’’ having openings for fire should they be found a help. 


DRAINAGE, 


Drainage of trenches is important. The floor should slope to 
the rear and a gutter be cut along the rear face to convey water to 
one end of the trench where a soak pit will usually serve all ordi- 
nary requirements. If better drainage is necessary, an outlet to- 
lower ground may be cut and filled with broken stone, irregular 
limbs or a box culvert before being covered over. If drainage 
ditches are started first, interruption from rain will be less trouble-. 
some. 


OBSTACLES. 


In every line subject to persistent attack some form of artificial 
obstacle is desirable in connection with a cleared front. Should 
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the attack of the enemy’s infantry reach a point about 200 yards 
from the parapet, a crisis would be reached and, if not stopped 
there by superior fire, the position would often have to be aban- 
doned. 

Clearing for a better field of fire should begin at the immediate 
front and be continued outward as far as time permits up to 600 
or 800 yards. It is surprising how little judicious clearing will 
often provide a good field of fire, but above all it should be remem- 
bered that clearing should not be overdone if concealment is not to 
be sacrificed. A natural screen before a fortified line is of great 
advantage. Many trees and crops in front should be left stand- 
ing, as they afford more help to the defense than hindrance. In- 
deed, large trees if felled may afford more protection to the enemy 
than to the defenders. 

Various types of obstacles have been suggested, but the one of- 
fering the greatest advantages is the high barbed-wire entangle- 
ment, low enough to stop crawling men. Its effectiveness, its 
cheapness, difficulty of removal, rapidity of construction and the 
little interference with the view make it far the best. It is usually 
built on posts from 4 to 6 feet high set at random, the wires 
strung irregularly and the whole set in a strip 20 to 30 feet wide 
around the work to be covered at a distance of 100 to 200 yards. <A 
low wire entanglement was often used in Manchuria by the Rus- 
sians placed at a distance of about 50 yards to the front, far enough 
to prevent a hand grenade being thrown into the trenches, and 
often covered from sight and artillery fire by a parapet about 2 
feet high. In special places, it may be found desirable to have 
two rows of wire entanglement around a work. 

Military pits were also used extensively in Manchuria, there 
being but little timber on hand for other kinds of obstacles. They 
consisted of holes about 5 feet in diameter at the top, about 5 feet 
deep, 2 feet in diameter at bottom with a sharpened stake at the 
bottom. They required too much labor to construct for frequent 
use. The earth excavated was used in making a cover or glacis for 
it. These pits were often covered with barbed-wire entanglement 
in addition. Abattis and slashings will be often used where timber 
abounds, especially if much clearing is necessary. 

All obstacles take time and must be built with the means ayail- 
able, but if the position is to be occupied for some time, they may 
easily be worth what they cost in time and labor by preventing 
surprise, delaying night attacks, but especially. in breaking up the 
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enemy ’s formation and confining him to certain lines of approach. 

Many other accessories, such as dummy trenches and dummy 
batteries, hand grenades, land mines, fougasses, ete., are often used, 
but scarcely come within the average officer’s experience. They 
are special devices that may always be found fully discussed in 
text-books and are only used when time is ample. Searchlights 
have shown their usefulness and will likely be more necessary in the 
future, as night attacks may be expected to become more common. 


EXECUTION OF ENTRENCHMENTS. 


The execution of entrenchments presents some difficulties, for 
sufficient tools and time will often be lacking and system must be 
sought in the arrangement of working parties to get the best re- 
sults. The tactical situation demands that a certain front be 
entrenched by a given number of men with a given number of tools 
in a given time. What form of trench is the best? To solve this 
question we must know the work capacity of our men. A soldier 
untrained in digging can not remove much over 80 cubic feet of 
ordinary earth in one continuous period of work, whatever its 
duration. He can remove 30 cubic feet in the first hour, but his 
average for 4 hours is about 20 eubie feet per hour and 4 hours is 
about the limit of his endurance. This constitutes what 1s tech- 
nically called a relief. If tools are double-manned, an increase of 
one-third the quantity is obtained. If we call the average output of 
one man 20 cubie feet per hour, then by double-manning the same 
set of tools 27 cubic feet may be done. This is in easy earth 
where the throw is not over 12 feet and lift not over 4 feet. Men 
ean not work closer than 5 feet without crowding, but if neces- 
sary they may be crowded into 4-foot distances, except at might. 
Five feet is the usual interval, but it is sometimes increased when 
sufficient tools are lacking. 

The tools available for digging will usually be only those al- 
lowed by regulations. The light portable entrenching tools will 
not be ordinarily used for this kind of work. 

To determine the best kind of trench that can be made under 
ordinary field conditions, we must make a hasty calculation based 
on the cubie contents of the trench and our work power. The out- 
put of each shovel is 20 cubic feet per hour or, by double-manning 
27 cubic feet per hour. Suppose we had a brigade of three regi- 
- ments en the line and all available for work. If each company had 
about 150 men and if we should have, say, three hours with only 
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their authorized allowance of tools, what sort of a trench would be 
dug? In three hours each shovel, if double-manned, should exea- 
vate 81 cubic feet or three times 27 cubic feet. The length of the 
company trench will have to be about 150 yards, or 450 feet, for a 
company of 150 men, and this divided by 48, the number of tools to 
be assigned to each company under orders, will give 9 as the length 
of each task; 81 cubie feet being the cubie contents of the work re- 
quired of each shovel and 9 feet its length, the cross section would 
have to be 81 divided by 9 or 9 square feet. Therefore, a trench 
3 feet deep and 3 feet wide would then be the best that could be 
done. For this work we would probably detail 96 men in each 
company as diggers with about 10 men with picks and 10 as re- 
serves; of the remainder about 10 with the pick mattoeks will be 
directed to shape the parapets and 20 with axes will clear the 
front. The remaining will be available for police, guard, patrols, 
or other military duty. 

Troops detailed for trench work will be marched to the line to 
be fortified in a single file, take up their tools as they pass the piles, 
where placed by the engineers, assume the proper intervals along 
the line and when instructed as to how they will work will com- 
mence operations. The engineer troops will be called on to super- 
intend the details of the work. 

In connection with this subject it appears that there are several 
considerations that can well be emphasized. Every officer who has 
field fortification to execute may be expected to find that sufficient 
time is lacking, sufficient tools and often sufficient men, but he 
must obtain his results with the means at hand and must first find 
out therefore where he stands in time, tools, and men. A rough 
ealeulation will save time and confusion in the end. Tactical re- 
quirements may come next and later the details. War gives no 
opportunities for working out fine-spun theories; the all important 
thing is to get something done. Rules and books are after all only 
guides to be applied with an admixture of common sense, and it is 
always wise to have a good margin over their figures for safety. It 
is always best to keep to units in construction, administration and 
defense of entrenched lines. This tends toward simplicity, avoids 
much confusion, and makes it possible to trust many things to the 
common sense of other officers. Cover should be sought first in 
actual construction, then a cleared field of fire and, later, obstacles. 


Rock Drilling, Cuscumbta Bar, Tennessee River 


BY 


Wits keshCA Ts 


Assistant Engineer 


This obstruction to navigation is 211 miles below Chattanooga 
and 253 miles above the confluence of the Tennessee River with the 
Ohio, at Paducah. It begins at a point about 3 miles below the 
Florence bridge, abreast of the Sheffield power plant, and extends 
approximately 2 miles down the river. Its relative position is shown 
on locality sketch herewith. 

This shoal is composed of a series of blue flint-limestone ledges, 
which are overlaid with a thin coating of gravel. The ledges are 
about level transversely, but have a considerable downstream dip. 

The project for improving this place contemplates excavating a 
channel near the south shore, 150 feet wide and 5 feet deep at ex- 
treme low water, from deep water above to deep water below the 
bar. The material to be moved being very hard flint rock, it was 
necessary to drill and blast it before it could be dredged. 

It was originally intended to contract this work provided a favor- 
able offer was received, and it was not until after the proposals 
were opened about June 1, 1911, that the decision was made to do 
the work with hired labor. 

The work here being the first rock excavation where drilling and 
blasting was necessary, on this section of the river, we were at an 
experimental stage in regard to plant and methods. <A_ small 
amount of drilling Had been done on the upper division (above 
Chattanooga) where rafts were used for carrying the drills, and a 
derrick boat was used with each raft for a tender, the derrick 
being necessary in moving since there was not enough buoyancy in 
the solid timbers of the rafts to float the drills when the spuds were 
raised. Extensive drilling operations being necessary here in rock 
where the depth of water varied between a few inches and 5 feet 
at low water, it was thought advisable to design floats with suf- 
ficient buoyancy to carry the drills, men and material necessary 
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to operate them, and to also keep them as light as possible in draft, 
as 1t was necessary to pass them over some very shallow water. 

When it was definitely decided that this work would be done by 
the United States, requisitions were promptly submitted for drills, 
material, lumber, etc., necessary for building the floats. The first 
shipment of ten drills was received August 15, and a second lot 
September 20. These were put in commission as quickly as prac- 
ticable after being received, and on September 21 three drill units 
were 1n operation, each mounting six drills. 

The floats used for the first season’s drilling (1911) were com- 
posed of nine small boats, the dimensions of each being: depth, 1 





Fig. 2. View showing drill units at work; also portion of channel after being 
blasted, looking down river. Gauge reading at time of exposure for picture, 
2.7 
mele 


foot; width, 5 feet, and length, 25 feet. These were arranged in 
three rows with three boats in each row and a space of 2 feet was 
left between the lines of boats through which to operate the drills. 
During the first season they were turned longitudinally across the 
eurrent and the float held in place with spuds which were 6 inches 
square. The dimensions of the floats when the boats were so ar- 
ranged were 19 by 75 feet. At each placing of the drill unit two 
lines of holes were drilled extending one-half the way across the 
channel and twelve holes put down in each line. These lines being 


— 


7 feet apart made the average spacing of the holes 614 feet by 7% 
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feet, and the holes were put down to a depth of 7 feet below low 
water. 

The drilling was carried on on this basis until December 15, 1911, 
when it was terminated by high water and bad weather. During 
this season’s work about 2,500 linear feet of channel, beginning at 
the upper end of the work, was drilled and blasted. This was over 
the lightest part of the drilling, as it began at grade point and the 
depth decreased very gradually, so that the depth of the holes 
varied from 2 to 6 feet in the rock. 

Subsequent dredging has proven that this spacing of the holes 
was too wide for this class of material and not deep enough for 
properly lecsening it up. Where the detonation was perfect the 
rock was usually broken up, but often in such large pieces that they 
were very difficult to handle, and it was sometimes necessary to 
break them again with mud capped shots before they could be 
handled, but when any of the holes failed to fire an unbroken area 
was left which was necessary to redrill. The best results both in 
drilling and blasting were gotten at a low stage of the river, the 
effect of a rise being noticeable when a 2-foot stage was reached. 
The increased current due to the rise made it hard to hold the ficats 
in place and the difficulty of detonation was also increased, as the 
current and drift would often break the connections. 

The following table shows this season’s work, giving the unit 
eost of drilling for each month, also the stage of the river, depth of 
water over the rock drilled and the depth of the drilling in the 
rock. 









































| | 

e | Depth of . 

Date. Linear feet. Get Gauge. | it eee Cost. Unit 

holes. | rock. Cost. 

ary BT Feet. Feet. Feet. 

AU St a eee eppeyae 4 to Sot 4..to°2 ie os toes $1,336.60 | $0.38 
September ____ ..__ 6 , 338 3 to: S41) 43-0 du on wostome 2,871.20 40 
Octobrit= tee eee 6,921 3 tp 5 1ito5-) - Stow 3,450.00 .50 
November________-_ 1O2373 4to § TeioSoa ae 4,634.39 43 
December... -2 22 1,679 4to6| 2tol2 | 4to7 1,007.40 66 
Dotal eee ee 28,831 | _ $13,299.59 | $0.46 





Average unit cost for season 1911, $0.46. Numker of linear feet of channel 
drilled, 2,500. 


The small progress made in drilling during the month of August 
was due to the late start and limited number of drills, which also 
affected the work in September. The October work was also re- 
tarded by a rise which caused a week’s suspension. ‘There was 
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only a few days in December when the river was low enough for 
good results, but the force engaged in drilling was held together 
until the 15th, on which date they were disbanded owing to high 
water and bad weather. 

During the winter and spring dredging was carried on over the 
drilled area, affording an excellent opportunity to study the spacing 





Fig. 3 (upper). View showing arrangement of drill float, with drills in opera- 
tion; also portion of blasted channel looking up river. Gage reading at time 
of exposure for picture, 2.7. 

Fig. 4 (lower). Looking upstream over channel after it is drilled and blasted. 
Drill raft in foreground. In background are dipper and orange-peel dredges 
removing rock. 


of the drilling and the depth. A great many small areas of un- 
broken material were found which were probably due to failure of 
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charges to fire, but in some instances where the detonation seemed 
complete points were left between the holes which the dredges 
could not reduce to grade. These unbroken areas and high points 
showed conclusively that the spacing of the drilling was too wide 
and holes too shallow. 

Extensive repairs being necessary to the floats before entering 
on another season’s work, it was decided to rearrange the boats 
composing them, turning them lengthways with the current and 
leave the opening between the boats 1 foot wide. The floats used 
in the season of 1912 were composed of thirteen boats, dimensions 
1 by 5 by 25 feet long, put together in this way making the spacing» 
of the lines 6 feet apart instead of 7 as used the previous year. The 
dimensions of this float were 25 by 77 feet. (See accompanying 
illustrations, which give a good idea of their construction and also 
show the appearance of a section of channel after being blasted. ) 

At each placing of the drill unit or float, twelve lines of holes were 
drilled, each line having six holes. As the length of the boat was 
25 feet, the spacing of the holes was made 4 by 6 feet and the holes 
put down to a depth of 9 feet below low water. In addition to the 
advantage of narrowing up the spacing, boats being placed length- 
ways with the current was an advantage, in that they were less 
affected by the action of the current and drilling could be carried 
on at a higher stage of water. 

Excessive rainfall during the spring prevented our resuming the 
driling until June 15, and very materially interfered with the 
progress during July. After July, the work was continued with- 
out interruption until the latter part of December when it was 
terminated for the season by high water. 

The following table shows the season’s work during the season 
of 1912, giving unit cost for each month, stage of river, depth of 
water over rock, and depth of holes drilled: 








Average Depth of 














Date. Linea — feet. depth of Gauge. water over Cost. sae 
; holes. rock. 
1912. Feet. Feet. Feet. 
Jun eaGA ao eee 3,720 7 to 8 3f0:5 3 to 5 | $1,523.19 3saeee 
JDM lyse oe ee 3 25GB tea ato. 3 to 6 3 to 6 1,465.00 45 
ANION Styne aia ge 15,1209 —Ftes Zitat 2 to 4 5:7 2feee 33 
September _______- 1D 7 eapeetORs 1 t0;3 seal Stans 6,301.85 40 
October ee. es 20.250, Avs 5: fs ¢tee oe lets omens 9, 31750 46 
November. 22.2 20,0427) <5 toc /7 12-9 to.1.5 Th sate 10,462.89 ee 
December eee. Ls OCS mee moetor? Wto;04) eo tone 6,659.84 .88 














Motalte se eee 85,708 | | $41,457.55 


Average unit cost for season 1912, $0.483, Numter of linear feet of channel 
drilled, 2,500. 
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SKETCH SHOWING 
J DRILLIN DRILLING POSITION 
ss ON DRILL RAFT. 
Drill is Sargeant, E-24, 8 to the drill unit: 
Drilling is done through Jiron pipe. 
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ELEVATION OF DRILL TENDER AND 
SECTION OF DRILL RAFT 
Showing both in position for drilling: 


DIMENSIONS QF ORILL 
TEND. 30° x 80’ 
EOUIPNENT: 
ONE 0.2 LEYNER DRILL SHARPENER, 
ae OWE A/R COPIPRESSOP 
! ae | eee LOWE CAPSTA/Y 
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PLAN OF DRILL TENDER AND DRILL RAFT 


IN DRILLING POSITION. 
PLAN OF ONE DRILL BOAT 
13 OF THESE IN | RAFT. 








DIMENSIONS OF EACH ORILL BOAT 

“bh WIDE 418 DEEP x 30 LOMWG. (& OPENING 
BETWEEN BOATS, WHICH ARE FIELD 
TOGETHER WITH BRACES ae 


Fig. 5. Plan and elevation of drill tender and sketch showing a drill in posi- 
tion on drill boat. 
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In comparing this season’s work with that of 1911, it will be noted 
that the unit cost of the drilling is 2 3-10 cents in excess of the 
1911 cost. This may be due to considerable advantage in weather 
and river conditions in 1911, and also to the fact that the drills were 
all new in 1911 while in 1912, especially near the close of the 
season’s work, a number of them were badly worn and would not 
deliver a normal stroke. After September the cost is also aug- 
mented by the shortening of the days, making it necessary to work 
a longer number of hours at night. While the plants are very 
well lighted, quite a falling off is noted in their progress when 
comparing the result of an hour’s work at night with an hour’s 
work in the day. Early in October a number of the best drill 
men left the work to go back to their old places at the furnace, and 
it was necessary to fill their places with new men. The November 
work was affected by two holidays, November 2d and Thanksgiving, 
and December by high water, which finally terminated the work 
for the season. 

The following method was universally followed during both sea- 
son’s work: The drill floats were placed in proper position for work 
by accurately lining them with ranges, marking the center of each 
half of the channel, and by- cross ranges which marked the lower — 
extremity of the drilling and blasting already done. A float thus 
lined is in position for drilling one-half the width of the channel for 
a distance of 25 feet, or length of the boats. At each setting, twelve 
lines of. holes were drilled with six holes in each line. Each float 
carried eight drills, all of which are operated by steam. 

To prevent the holes from filling with gravel and silt, ete., the 
drilling was done through tubing or pipe, 3 to 4 inches in diameter. 
From three to five drill bits were used in putting down each hole, 
the first bit being 214 inches in diameter and the last 134 inches. 
When the hole was down to a proper depth, a pipe that would exact- 
ly fit the top section of the hole was put in and the bit taken out and 
the hole loaded, the charge consisting of 80 per-cent gelatin dyna- 
mite, and varying from 6 to 10 sticks according to the depth in the 
rock. The stick having the primer was placed about one-third of 
the way down from the top, having from 2 to 3 sticks on top of it 
and 4 to 6 under it. The charge was firmly packed down in the 
bottom of the hole with wooden poles which fit very closely the 
section of the hole. When the loading was completed the hole was 
marked by a cane, which was firmly embedded in the charge, leaving 
the top of the cane about 6 inches above the surface of the water 
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and the primer wire looped around the top of the cane. When all 
the holes were loaded the primers were all carefully connected so 
as to make 3 circuits, 24 holes to each circuit, leaving the end wires 
of the first and fourth line looped around the top of the cane-so 
that they might be readily found and connected with the lead. The 
float was then dropped down from over the holes and a set of lead 
wires attached to each circuit. When these were connected (insu- 
lated tape being used for making all these connections) the float 
and tender were dropped back about 250 feet below and the charges 
ignited by using three large batteries simultaneously. 

While each of the batteries would fire all these charges on shore, 
24 holes was about their limit under water. This method was 
usually successful in getting off all charges together when the river 
was at a stage below 3 feet, but above this stage the connections were 
often interfered with by the force of the current and running drift, 
etc., necessitating several reconnections with the lead wire in order 
to get off the charges, and it was frequently the case that the wires 
were broken or withdrawn from the caps, making it impracticable 
to fire the charges. 

During the first season the drills were all sharpened by hand, but 
in 1912 a Leyner drill sharpener was installed which was operated 
with compressed air. This machine proved perfectly satisfactory 
as it gave the bits more uniform gauge so that there was no diffii- 
eulty of one drill following another, and the bit sharpened by this 
machine seemed to stand the hard service better than those sharp- 
ened by hand. A considerable saving was also effected, as one 
blacksmith and helper were able to sharpen steel for 24 drills, while 
three blacksmiths and helpers were necessary to do this work by 
hand. 

The seeming excessive cost of drilling here is due to the character 
of the rock, which is the very hardest of flint. It was found a very 
difficult matter to get steel that would stand this rock, and it was 
often necessary to change the bits several times in getting down one 
sweep of the drill, which is only 24 inches. The slightest mistake in 
tempering would cause the bits to fail at once. In this connection 
it is interesting to note the difference between the rock at this place 
and the rock at Buck Island Shoals, 3 miles below this place, where 
-roek excavation was carried on at the same time. The rock 
at Buck Island shoals is soft oolitic limestone which can be drilled 
easily and rapidly, and the drill bits keep sharp indefinitely. In 
addition to the ease with which it can be drilled, it is also very easy 
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to break up. While it was found necessary to space the holes at 
Tuscumbia Bar 4 feet by 6 feet, a spacing of 7 feet by 8 feet at 
Buck Island was found ample, this spacing breaking the rock up 
better and leaving fewer large pieces than at Tuscumbia Bar. The 
same plant and methods were used at both places. The cost per 
linear foot at Buck Island Shoals was found to be $0.25 against 
$0.483 at Tuscumbia Bar. 

During the drilling season of 1912, 85,708 linear feet of holes 
were drilled and blasted. It is estimated that each linear foot of 
drilling loosened up .88 of a cubic yard and that 76,185 cubie yards 
were made ready for removal by the dredges at a cost of $0.543 
per cubic yard for the drilling and blasting, and °4 of a pound of 
dynamite was used for each cubic yard blasted. 

When the river was at a favorable stage for drilling it was found 
that an entire day with a double crew was required to drill out, 
load and detonate all the charges for one setting of the drill unit. 
Whenever unfavorable conditions occurred from weather or high 
water the progress was considerably lessened. 

The season’s work for 1912 covered the heaviest part of the blast- 
ing, as it begun at the upper end of the extremely shallow water and 
extended entirely below it. While the number of linear feet of 
holes drilled in 1912 was about three times the amount drilled in 
1911, it only covered about the same channel area, viz: 2,500 linear 
feet. This was on account of the narrow spacing of the holes, the 
additional depth drilled and also that this season’s drilling covered 
the heaviest part of the work. There is now left above the dam 
an area undrilled about equivalent to 1,200 linear feet of channel. 





Linear feet. 
Average day’s work for one drill unit operated with a double crew 432 
Average hour’s work____~- Jot. LS ee Se 27 
Average hour for one .drill- ~-22 =. 2) 23 eee 3 35 


The drill unit used for work here consists of a float for carrying 
the drills, and a boat. of some type having a boiler with sufficient 
power for furnishing steam for all of the drills. The floats have 
been modified to some extent, it being thought best to deck them, 
since with the decks they are less lable to sink during the heavy 
wind storms which we sometimes have. 

During the first season’s work any boat having sufficient boiler 
power that could be spared from the plant was used as tender. The 
floats could be very quickly built and they were put to work in this 
way pending the building of a suitable tender. The type of boat 
built for this purpose is a barge 30 by 80 by 4 feet in depth, pro- 
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vided with three spuds. It is equipped with a 90-horsepower boiler, 
one Leyner drill sharpener, one compressor for operating same, and 
a steam capstan for handling the barge. The drill sharpener is 





Fig. 6 (upper). Showing a 144-cubie yard and a 2-eubic yard bucket, each 
of which failed by tearing away of lip; manganese steel lips and teeth. 
Fig. 7 (lower). Dipper dredge Tuscumbia. Hull, 100 by 34 by 6 feet 10 
inches; main engines, 10 by 14 inches; bucket, 14-cubie yard for rock, and 2 

eubie yards for gravel. Cost, $44,000, complete. 


Leyner No. 2, and the sizes of steel for forming the bits are 14, 
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13g, and 11% inches. The sharpener is driven by air, the com- 
pressor in use being one manufactured by Chicago Pneumatic Tool 
Co., having a cylinder 9 inches for steam and air, by 11-inch piston 
stroke, piston displacement 130 cu. ft. air per minute at 100 pounds 
pressure. This tender was built here and equipped for the work, 
the cost being as follows: 








Building hull, cost of labor and subsistence_______________ $1,346.66 
Lumber and iron, nails, spikes,‘ aakum, etc.________- 1,902.40_ 
One 90-horsepower Brownell boiler_________-__-_____-_---_ 900.00 
One Leyner’ drill sharpener, Now 222-252 2 ee 697.10 
One compressor for running same ._-___ a ee 533.00 
One reeeiver for air storage.) 2 64.80: 
One. steam: eapstan= = - = oe : eee 495.00 
Setting up and conneeting above. 22 ee ae 185.40 
Building one-story cabin for sheltering machinery, material, 
and, labor. 2252 ee Se 465.00 
Total cost. of tender ready for use___—_ 2 ee $6,589.36 
Type of float now in use, composed of 13 boats; cost, labor 
and, material, \ 20 9 oe ee ee $1,140.00 
Hight drills, +24 Ingersell-Sergeant____-__-___-2 1,950.00 
Steam -hose, drill steel, iron® pipec2 22 a ee 365.00 
Cost: of float, equipped for: driling-——" 23 See 3,455.00 
Cost of. tender. 2 a ee eee 6,589.36 
Cost of one... drill.annit_2 ee ee $10,044.36 


Three drill units were operated during the season of 1912, and 
it was found that one drill sharpener could keep steel in shape for 
the three units, each of which carried eight drills. Only one 
tender, as described above, has been built for the work here, the 
other two units being furnished with steam by spare pieces from the 
plant. It was found that the greatest wear and deterioration in 
the drill units is in the float and the drills, it having been found 
necessary to rebore and overhaul a number of the latter and that 
two seasons’ work is about all that the floats will stand. 

The area drilled in 1911 is shown on accompanying sketch in solid 
black, extending from the upper end 2,500 feet downstream. Esti- 
mated in place there are 35,136 cubic yards of material to be re- 
moved in order to reduce this area to grade. As previously stated, 
when this area was dredged a great many high points were found, 
making it necessary to reblast a considerable portion of this chan- 
nel, and suggesting the advisability of deeper and closer drilling. 
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During this season 28,831 linear feet of holes were put down, loosen- 
ing up about 23,155 cubic yards of material, costing as follows: 


Actual field cost, including material, salaries, and sub 











sistence, “ete. i. 2 Sis Be $13,299.59 
Deterioration of plant on account of season’s work--__~_~ 3,840.00 
Overhead charges —_- 222-320 664.98 
Total Costs ae wot ee eae oe eee $17,804.57 
Cost per linear [o00t_ las. a ee 0.617 
Cost’ per. cubie: yard, loosened 222-0222 5 eee 0.76 


The hatched area on sketch shows portion of channel drilled in 
1912, on which the dredges are now working. The closer spacing 
of the holes, 4 by 6 feet, has served to loosen up the material much 
better and the dredges are able to get ‘‘grade,’’ with the exception 
of a small area which was drilled when the river was too high: 
During the season of 1912 85,708 linear feet of holes were drilled 
and blasted, loosening up 76,185 cubic yards of material estimated 
in place, costing as follows: 





Entire . feld ‘cost, material, ei¢.2 52a ee $41,457.75 
Estimated deterioration of “plant-22- 223) oes eee 7,500.00 
Overhead | charges “== Ss -2 ee 2,072.88 

Total | cost: .2-- sack Sle See $51,030.65 
Cost per linear foot, drilled and blasted_________________ 595 
Cost per cubie yard, loosened22222225 = 20 677 


Total amount of material loosened up in the two seasons 

99,566 cubie yards. 
Total amount of dynamite used, 75,450 pounds____-_-_--___ $12,855.36 
Amount of dynamite per cubic yard, % pound__---_____ oA ooh 


A Portable Field GOirder™ 
MARK II 
ey 


Ibte-lVviaj- Re Le MCCLINTOCK 
D.S.O., Royal Engineers 


In the July (1912) number of The Royal Engineers Journal there 
appeared an article describing a Portable Field Girder, in the con- 
struction and launching of which certain experiments had been 
carried out at Bangalore by the ‘‘Queen Victoria’s Own’’ Sappers 
and Miners. 


FAULTS OF ORIGINAL PATTERN. 


The original girder bridge on closer acquaintance, however, ap- 
peared capable of improvement in two directions: 


a. In longitudinal stiffness ; 
b. In vertical rigidity. 


Any lack of the former quality affects this type of bridge both 
during the operation of launching and when under a load, causing a 
tendency to buckle sideways in each ease. On the original bridge 
this tendency was somewhat marked during launching, and had to 
be neutralized by temporary cross-bracing placed horizontally at the 
road level. When under a load the buckling tendency was very 
much less, and the usual wind-ties from each side of the bridge to 
the banks were sufficient to resist it. 

The lack of vertical rigidity only affected the bridge during 
launching, at which time the tie-beams of the girders came into 
compression and had a tendency to buckle upwards out of the 
horizontal plane, which, if permitted, would have led to the ‘‘shut- 
ting up’’ of the girders. This tendency was met by lashing tem- 
porary struts up and down across the girders, as explained in the 
paragraph ‘‘Launching Expedients.’’ Both the horizontal cross- 
bracing and these struts were removed as soon as the bridge was 
safely across the gap. 

Now, if the bridge were to be truly portable, it was necessary to 
cart about these temporary additions equally with the other com- 
ponents of the girders. So it seemed that they might as well be 
incorporated with the system at once—especially if any additional 





“Reprinted from Royal Engineers Journal for January, 1913. 
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and permanent rigidity was to be gained thereby. In this it seemed 
as if they might be substituted for certain other parts of the bridge, 
such as the main ties OB, MC, MD, and NE (vide Fig. 4 of litho- 
gvraph). These, being made of timber instead of wire, would thus 
be capable of first acting as struts during launching (and so prevent 
the rising of the roadway), and later as ties, when the bridge came 
under a load. 

In addition to the above alterations, the experiment was made to 
see whether a saving of weight could be effected by replacing the 
double 5 inch by 4 inch compression members AB, CD, EF (vide 
Kig. 1, page 564, ‘‘Field Girder Bridges’’) by single ones 5 
inches by 5 inches in section, similar to the rest of the compression 
members. 


MARK II BRIDGE, 


On these lines a new 60-foot girder bridge was constructed, which 
is fully deseribed in the accompanying photographs, plans, and 
tables. It is calculated for infantry in file and loaded pack mules, 
or 334 ewt. per foot run dead load. The roadway is 6 feet wide, 
and it is hardly necessary to point out that the construction of a 
narrow bridge like this 1s a more severe test of the system than 
would be one of a similar span and a roadway of normal width. 

This improved bridge is known as the ‘‘ Bangalore Girder, Mark 
II,’’ and has given entire satisfaction both by its behavior during 
launching and under its full load. There are now no extras of any 
sort to be added to the bridge for launching; it 1s put across the 
gap absolutely complete, except for the chesses. The system is also 
quite rigid in every direction under all conditions, and so stiff 
horizontally that wind-ties are hardly necessary. The gain in indi- 
vidual stiffness of the two girders, due to the above substitution 
of timber ties for certain of the wire ties, also considerably facili- 
tates the putting together of the bridge prior to launching. 

In addition to the alterations already mentioned, the experiment 
was made of providing each shore transom with two runners (Fig. 
11), both to facilitate the rotation of the near shore tran- 
som round the foot of the derrick during launching, and to enable 
the bridge to be moved slightly forward or backward after launch- 
ing, should this be necessary. They are advantageous, but not 
essential. 


WEIGHT OF COMPLETE BRIDGE. 


The inerease of launching weight of Mark II over the original 
bridge is the difference between 5,799 pounds and 5,436 pounds— 
that is, 363 pounds. The weight of the original bridge as given 
(5,436 pounds), however, was exclusive of the temporary struts and 
cross-bracing, which were necessary in launching it. These are 
now included in the total weight of Mark II (5,799 pounds), and as 
they represent well over 600 pounds, a distinet saving has been 
attained by the new design. The whole bridge (Mark II), m- 
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eluding chesses, can now be earried in eight two-wheeled Indian 


ox-earts. 
LAUNCHING. 


The method of launching Mark II is identical with that de- 





Swing Commenced. 








Far End of Bridge Lowered into Final Position. 








Bigs, 


seribed in the original article, no improvement on that system 
having been discovered. As an experiment in shortening the der- 
rick as much as possible, the 60-foot bridge (Mark II) was launched 
complete, except for chesses, with a 20-foot derrick and a 414-1nch 
tackle, the operation of raising, swinging, and lowering occupying 
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just five minutes. Convenient trees were used instead of artificial 
holdfasts for the derrick guys. 


DURABILITY. 


As regards the durability of this type of bridge it is impossible 
to speak without longer experience. The bridge shown in Fig. 2, 
however, has been launched, picked up and relaunched several 
times during the last six months; has been loaded from time to 
time with various sorts of loads; and has in the intervals stood 
across the gap shown, enduring an Indian hot- weather a) rains 
without so far showing any signs of decay. 

Note.—My thanks are due as before to Regtl. Sergt.- Mefor King, 
R: EicandsQ@ We Ss instre Dolan eiebesdn the “Q.V.0.7 Sige 
who respectively assisted me in the design of the bridge and its 
launching, and also to Sergt. Short, R. E., who prepared the work- 
ing drawings. 

Weights and Sizes of Component Parts of 60-ft. Bangalore Girder Bridge. 



































Mark Il. 
| , : Weight} Total 
i # : | Size of ‘ No. of : 

Name or position of yiece. beet ee | eh: Bees ve 

ee - ——_ a 2 eee ae | 

Woodwork. | | 
Compression members” 22205 2 eee | 5Sby 5 | 10) 164 |) 1645 
Tie-beams- and road=béarers 25 eee | 8S by 2 | -sa16 84 +1344 
Main: ties (timber). long Sees eee 4 by 4. ao AZO 480 
Main: ties! (timber) short 2293 = 2 eee 4 by 4. 4 100 400 
Shore ‘transoms 2222s = ee 9 by 6 | 2} 91500 
Roadway ;transoms 2! = S by 4 | 3 | 102 <7 ese 
Cross struts. 22s 2." so S22 see. ee eee 4 by 4. 4 40 ~—-: 160 
Outriggers 325 a eee 4 by 4 | 6 65 | — 390 
Blocks: . 2:8 tect. 2k See eee See 8 8 | 64 

Ironwork | | . 

Eye-bolts (S)\t2s3 4 soo ee ee | 14" round | 8 10 80 
Eye-bolts‘and brackets"( 2) Ue eee 1" tround sae 16 320 
Main ties: inches. loiie@ 5 = oun ee eae 14” circum. | 4 15 | 60 
Main" ties; 14: inches: saliott = senna 14" circum. | 4 10: | 40 
Runners complete with brackets (shore transom) |____------_- | 4 25)| aia 
Top. bracing, tinch cablews: = seen | 1" circum. | 1 25 on 
Horizontal bracing, with straining screws __-_- | 1’ circum. 1 30 30 
Outrigger bracing, with straining screws. —__- ls cireumns 2 30 60 
Total v2. o0 se ee Se eee 55,799 





*Timber: ‘‘Honnee’’ or ‘‘Honay’’ (Prerocarpus marsupium). 
+Weight: 56 pounds per cubic foot. 
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Field Girder Bridges 
BY 


Maj. G. E. SMITH 
C.M.G., Royal Engineers 


In an article in the hk. EF. Journal of July, 1912, Major Mc- 
Clintock, p.s.o., describes an adaptation of the ‘‘Tarron’’ girder, 
which he calls the ‘‘ Bangalore’’ girder. The Commandant, S.M.E., 
directed me to experiment with such a bridge, which I now propose 
to deseribe. 

Careful readers of the Journal will have noticed that Major 
MeClintoek has further developed his design and published his re- 
sults in the January number, and it will be noticed that the design 
is considerably improved. My solution differs in various respects, 
having been arrived at previous to the publication of the second 
article. My problem was to design a girder of 64-foot span to 
take infantry crowded in fours, and I found that by putting in a 
few extra road-bearers I could also deal with concentrated loads 
up to 75 ewt. 

In the Bangalore girder it will be noticed that if loaded at O 
only, the girder, which is hinged at BCDEF, is unstable unless the 
weight of the roadway is sufficient to prevent E from rising with 
the thrust. Accordingly, whilst retaining three suspended tran- 
soms I used a four-sided funicular polygon and suspended each 
transom from all the angles of it. | 

Exactly what cross-bracing was put in was not clear in the July 
article; if wires were used they were so fine as not to be visible in 
the photographs. In any ease, the shore frames can not have been 
braced, as the braces would have interfered with the headroom. 
The lateral stiffness appears to have depended on the pin joints. 
I cross-braced the frames BC, CD in an ordinary way with light 
planks whilst the shore frames AB and DE were ecross-braced at the 
top and stiffened below by using rather a heavy shore transom pro- 
longed to form an outrigger as in Fig. 3. 

It should be noticed that when using very heht cross-bracing 
it is most important to have the frames accurately squared, so that 
the compression members may be in vertical planes. 

I found after building the bridge that the roadway swung to 


*Reprinted from Royal Engineers Journal for June, 1913. 
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and fro when infantry crossed it, so I afterwards added hght eross- 
bracing under the roadway, which made the bridge laterally very 
stiff. 

In McClintock’s bridge the thrust of the joints was taken by iron 
pins in wooden holes. With my heavier load the compression mem- 





Fig 2. Tarron Gurd@r @s 
Constructed at SME. 





fig3, Shore Freres. 
bers would have crushed and split, so I shed each compression mem- 
ber with thin iron plate to take shear off my pins. 

In order to save weight I found it advisable to make all the com- 
pression members double. The narrower ones were stiffened with 
cover boards whilst the wider ones had cross-braeing of ight board- 
ing. Incidentally, this had the advantage of permitting the main 
ties to be fastened symmetrically to the center part of the pins. 

I had anticipated considerable difficulty in correctly adjusting 
the numerous ties, but in practice I found that, by making each 
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Fig. 4 (upper). View of right side of Field Girder built at S. M. E. 
Fig. 5 (lower). View of left side of Field Girder built at S. M. E. 
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tie with two parts and adjusting by Spanish windlass, no diffi- 
culty resulted. 

In erecting the girder my procedure was somewhat different. 
Each frame was cross-braced separately, each pin joint as soon as 
connected was hoisted by a pair of derricks and adjusted by them. 
These derricks then became suitable struts for stiffening the bridge 
whilst swinging. An extra spar was required to give the sling of 
the outer end a fair lead without bringing pressure on the hght 
eross-bracing. 

This bridge actually took 1,090 man-hours to erect, but I do not 
think that a field company at war strength could construct it in less 
than 20 hours of work. The pins are too heavy to forge on a field 
forge, and hoisting gear beyond that carried by a field company is 
required for swinging. 

The weight of bridge at swinging was 6 tons, whilst the weight 
completed was 6 tons 16 ewt. 

The bridge took a test load of 90 ewt. in a truck and showed a 
deflection of only 21% inches. : 

The advantages and disadvantages of this kind of bridge appear 
to be as follows: 

ADVANTAGES. 


a. It is very light and stiff for the span and load. 
b. The timber used is of ordinary scantlings. 
e. It ean be built and swung without crossing gap to be bridged. 
d. Being a complete girder, no anchorages are required after 
construction. 
DISADVANTAGES. 


a. Special ironwork has to be carried or made. 

b. The stresses may be indeterminate. 

e. The extra stiffening required for swinging involves extra 
labor and materials. 

d. The frames require very accurate construction. 

e. The cross-bracing can not satisfactorily be calculated, for 
deforming forces sideways would depend chiefly on any inaccuracy 
of construction and would not merely depend on wind. 

f. A very heavy spar is required for the derrick for swinging. 

2, The bracing of end frames can not be completely satisfactory, 
as headroom must be allowed. 

h. For a large bridge the frames are too heavy to be readily port- 
able. 

1. Stiffness is not necessarily an advantage in field bridges, for 
no warning is given before failure. 


In practice I should never construct a bridge of this kind unless 
the gap were very deep. Where 3-inch steel rope is available, a 
tension bridge would usually be preferable. I should only con- 
struct this type if anchorages were impracticable, and the gap very 
troublesome to cross. I have to thank Captain Grove for much help 
with this bridge. 
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Fig. 6 (upper). Same as Fig. 4, except bridge in place across river. 
Fig. 7 (lower). End view of bridge in place across river. 


Pros and Cons on the Forest and Flood Question 
BY 


Mr. THOMAS P. ROBERTS* 


Member American Society Civil Engineers 


Professor George William Hunter, A. M., is the author of 
‘*EKlements of Biology,’’ published by the American Book Company. 
In glancing over it I came across the following, on page 117: 


THE ECONOMIC.VALUE OF TREES. 


Trees form a protective covering for the earth’s surface. They 
prevent soil from being washed away and hold moisture in the 
ground. This they do because the evaporation of moisture through 
the stomata of the leaves cools the atmosphere, thus tending to pre- 
cipitate the moisture in the air. Without trees many of our rivers 
might go dry in summers, while in the rainy season sudden floods 
would result. This has occurred in parts of Switzerland, Franee, 
and in Pennsylvania, where the forest covering has been removed. 


This statement of Hunter’s is standard doctrine, accepted as 
having been scientifically demonstrated. So universal is the love 
of trees among intelligent civilized people that it is no wonder that 
every statement concerning them looking to their care and increase 
by professors of biology, chemistry, law, theology, and physics 
senerally is unanimously and enthusiastically endorsed, and engi- 
neers, who are only permitted to work with cold unsympathetic 
figures and records, have no standing whatever if they arise to 
interject a question occasionally. 

The engineers may point to many streams in forested regions 
which in periods of drought dry up and, when sufficient rainfall 
comes, are subject to floods very much the same as streams in the 
open country, and ask how the ‘‘sheep’’ streams are to be differ- 
entiated from the ‘‘goat’’ streams in this respect, but in vain; for 
facts never militate against a spouse by his lover. They are un- 
welcome and will not be heard as long as the public keeps its fingers. 
in its ears. 

“Principal Assistant Engineer, U. 8. Engineer Office, Pittsburgh, Pa. 
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The statement that “‘trees hold moisture in the ground,’’ while 
at the same time they are known to convey much water to the 
atmosphere is one very difficult to maintain, being as difficult as 
riding two horses going in opposite directions. Engineers can 
never learn the trick, but it seems easy of accomplishment for men 
like Professor Hunter. Thus he says on page 135: 


AMOUNT OF WATER LOST BY TRANSPIRATION. 


A relatively large amount of water passes off by transpiration 
every 24 hours. A small grass plant on a summer’s day evaporates 
more than its own weight of water. This would make nearly half a 
ton of water distributed to the air during 24 hours by a grass plot 
25 by 100 feet, the size of the average city lot. According to Ward, 
an oak tree may pass off 226 times its own weight in water during 
the season from June to October. 

In support of Hunter’s statement as to transpiration of grass, 
Professor A. C. Church, in article ‘‘Irrigation’’ (9th Ed. Brit. Enc., 
Vol. XIII, page 362), says that a single plant of barley requires 
during the five months of its growth more than a gallon of water. 
At this rate a good crop of barley takes up nearly as much water 
per acre as a forest, with this difference, however, the barley must 
get all its water from near the surface and hence without taxing 
of springs as trees with their deep roots must do. Some engineers 
might argue from such facts that farm crops would be better than 
trees to conserve springs, but perhaps they misunderstand the 
scientists on questions of this sort and should therefore keep still. 

I find that Hunter has misunderstood Prof. Ward’s statement in 
Modern Science Series, ‘‘The Oak,’’ edited by Sir John Lubbock, 
which is as follows, page 85: 

It has been caleulated that an oak tree may have 700,000 leaves, 
and that 111,225 kilogrammes of water may pass off from its surface 
in the five months from June to October, and that 226 times its own 
weight of water may pass through it in a year. 

To the present writer it is evident, while Ward’s language is some- 
what mystifying, that it is the weight of the leaves, and not that of 
the entire tree, which is made the factor. 

Assuming the number of kilogrammes transpired in five months 
as the total amount passing through the leaves in one year and 
dividing by 226 makes 1,085.16 pounds, weight of leaves for one 
tree. We then have approximately 1,085.16x15226 equal to 
3,678,150 pounds of water which, divided by 62.5 pounds, makes 
58.850 cubic feet, or about 1.35 feet, or about 16.2 inches depth 
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transpired from the soil covering one acre. By taking the weight 
of the entire tree, as per Hunter’s statement, the amount of transpi- 
ration of an oak would be just about ten times that here shown, 
which would be absurd. 

As 16 inches is nearly the entire average rainfall for the summer 
months referred to by Ward, we might say for his figure that it rep- 
resents only transpiration capacity, for the trees often do well with a 
considerably less water supply than 16 inches during their leafy 
period. It is seen that Ward leaves but a scanty supply, if indeed 
any, to provide for surface run-off, ground storage, ordinary evapo- 
ration, and discharge of springs. 

It 1s to be remembered that roots of trees penetrate the soil to a 
much greater depth than do those of ordinary field crops, which 
latter also are in vigorous growth only about half as long as trees. 
Also to be remembered that the weight of transpiring leaf surface 
of field crops averages very much less than that of trees covering 
equal areas. : 

Attention is called to these points on transpiration of trees and 
plants because its importance is not fully appreciated by the 
majority of engineers, who charge up deficiency in river run-off 
from a given rainfall simply to ‘‘evaporation.’’ It is well for them 
to know that vegetation plays a very important part in such losses, 
and that the heavier the weight of absorbing roots and transpiring 
leaves the greater will be this loss. With this lesson well instilled 
into his system the engineer must then try to believe that trees hold 
moisture in the ground and that with more trees planted the more 
equable will be the flow of the rivers; that is, according to the biolo- 
gists and botanists. 

FORESTS AND RAINFALL. 


It is not generally known that much of the valley of the San 
Francisco River, Brazil, South America, in the elevated region 
above the falls of Paulo Affonso, is practically a treeless desert. At 
some distance both to the east and west of the great river there are 
mountains. All about the area in question there is rainfall in super- 
abundance with flourishing tropical vegetation. It rains copiously 
over the valley during four to five months consecutively ; but with a 
change in the direction of the ‘‘trade winds’’ the remaining seven 
to eight months, for some occult reason, are too dry to support ordi- 
nary vegetable growth. Here, of all places, if there was anything 
in trees by their shade holding moisture in the ground, one would 
expect to see a natural example on an extended scale of vegetation 
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conserving moisture, a region where trees could survive during 
water-famine months. The San Francisco valley is a case which 
strikingly illustrates the oft-stated fact (by meteorologists and en- 
gineers only) that forests exist only as the creatures of seasonable 
rainstorms, with no power of their own to increase or diminish the 
water supply which reaches them.” 

It is the writer’s observation that in periods of drought large 
deep rooted trees leave no moisture for saplings within their radius 
of action not as deeply rooted as themselves and in consequence 
they must die. The general notion among botanists, that the young 
trees which die in forests simply expire for want of sufficient heht. 
is not, I think, of general application, as observation along streams 
in wooded regions, especially in the foot hills of the mountains, 
show extreme density of arboreal growth, as well as of subarboreal 
life where the small as well as the large trees and bushes have, 
through their roots, free access to water: The same thing is also 
seen in large conservatories, and in nooks of many gardens where 
there is no direct sunlight, where a dense foliage growth is kept up 
by frequent watering, but, of course, the energy required for fructi- 
fication or flowering will not be forthcoming without the magic 
touch of sunlight. 

A friend called. my attention to a fact not considered thouch 
often seen in the country, brought forcibly to his attention during 
the drought of 1908, in western Pennsylvania: viz, the sight of corn 


“If forests could in any way induce precipitation of rai, then given time, 
by gradual extension, they would cover the deserts. We can find in Australia, 
for instance, a densely forested region (especially in the N. E. quarter) snd 
yet tree life along the streams, which expend themselves on the interior deserts, 
vanishes even before the last of the water disappears. It is not as yet 
charged against the Bushmen that they brought about existing conditions in 
Australia by deforesting operations. It is not to be denied, however, tor 
records and traditicns attest to the fact that in ‘‘cycles of time,’’ portions 
of the Asiatic deserts change to forested districts and again revert to deserts, 
in conscnance with changes either in the direction of the winds, in the 
amount of or the periods of the rain fall. It is not necessary to assume that 
such changes are the result of great convulsions of nature when gentle, 
gradual, and almost imperceptible meteorological .variations would be entirely 
competent to bring them about. Terrible floods, changing the course of the 
Yellow River no less than five times since the dawn of the Christian era, 
famines in Egypt, which meant protracted droughts about the heads of the 
Nile, have occurred at intervals of many hundreds of years and it is diffieult 
to conceive that anything men have done has in any way been responsible for 
them. (Man was given control of the productions of nature—plant,- animal, 
and mineral—but as to the wind, ‘‘it bloweth where it listeth. ’) 
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rows in the fields languishing for want of moisture, but where the 
rows extended to and beneath the shade of great ‘*‘ fence-row’’ trees, 
the stunted corn was absolutely dead. 

We have here the case of corn protected from the direct rays 
of the sun, dying, with that exposed to its blistering heat, sur- 
viving. As the rate of evaporation from the soil is governed very 
largely by temperature, the conclusion is irresistible that the big 
trees along the fence rows were pumping water from the soil at a 
faster rate than were the sun’s rays from the unshaded soil. It 
might be urged that the corn in the open was kept alive by dew 
which, of course, did not fall upon the corn beneath the trees, but 
whatever force there may be in such an argument it does not 
apply to the death of saplings as above referred to. 

When one hears of bears and deer, after a protracted drought, 
seeking the abodes of man for water and recollects how far such 
animals could travel in the forests to find springs, the belief that 
forests ean and do become as dry as tinder boxes, while yet culti- 
vated fields may still be more or less flourishing, is well warranted. 

As a young man in central Pennsylvania the writer helped to 
fight forest fires in the mountains and has seen ‘‘humus’’ smolder- 
ing or burning for days after the fire wave passed, and has 
noticed with what rapidity huckleberry bushes, for a time having 
a chance to get a little surface moisture, spring into existence and 
flourish until the later arborescent growth absorbed their water 
supply. 

While there may be limited areas where the discharge of streams 
has been affected by deforestation, no impartial study of the records 
of discharge, high or low, of navigable rivers has indicated that the 
run-off rate per unit of time is affected by the covering of the soil, 
whether it be forested, cleared and left open, or cultivated. 

This conclusion is really ‘‘liberal,’’ seeing how, if Ward’s state- 
ments are evenly only approximately correct, less water should 
flow in dry seasons from forested areas. ” 





*Since this paper was prepared the writer’s attention has been called to the 
final report of the National Waterways Commission, 1912, where under Section 
V, pages 28-37, is given an interesting summary of ‘‘The influence of foresta- 
*’ The subject is treated under the 
following sub-heads: ‘‘ Effect of forests on stream flow,’’ ‘‘On precipitation, ’” 


’ 


tion upon navigation and flood prevention. 


As a whole Section 
~V is a very fair, but by no means complete, synopsis of a number of the im- 
portant problems concerned. It contains notices of the writings of Colonels 
Chittenden and Burr, also of Professor Mead’s report of his Wisconsin studies, 


“Upon run-off,’’ ‘‘On low water flow,’’ ‘‘ Upon erosion. ’ 
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Let the disinterested inquirer consider the fact that the vast 
area of the Ohio valley of more than 200,000 square miles was, 
as found by the white man, almost wholly an unbroken forest, but 
is now for the greater part cleared and cultivated land. With 
this in mind the inquirer would naturally think that if there was 
anything in the notion as to the effect of forests restraining floods 
and increasing the low water discharge of rivers, here, of all places, 
the truth of such assumptions would be the most susceptible of 
demonstration, but to the contrary he will find nothing to support 
such ideas. 

The inquirer will hear of great floods along the Ohio, even 
during the Eighteenth Century, before any settlers were perma- 
nently domiciled in the Buckeye State. Also, that considerable 
tributaries- of the river, such as the Little Miami, were in 1785 





three of the best writers, who content themselves with dealing with facts and 
never adapt theories to imaginary conditions. 

The present writer takes advantage of this occasion to say that he has long 
entertained the belief that attempts to show an intimate relationship between 
vegetation and run-off of streams leads only to negative results, and that pe- 
culiar local conditions must exist to obtain any different result. 

The writer had no knowledge of Raphael. Zon’s elaborate paper (Appendix 5 
of the Water Commission’s report) while preparing his paper on ‘‘Pros and 
Cons.’’ Professor Zon, in his quotations from recent foreign experimentalists, 
oresents much information new to Americans on the subject of transpiration of 
crees, field crops, etc. It so happens that the present writer’s statements on 
this subject ‘‘average’’ fairly well with the results quoted by Zon. The writer 
can not agree, however, with Zon in that part of his second conclusions (page 
237) which refers to water passed off into the atmosphere by plants ‘‘ bringing 
it again into the general circulation of water in the atmosphere and making it 
available for vegetation.’’ Of course, ‘‘ whatever goes up must come down,’’ 
out comes down, When, and where? is the question. However, such notion is a 
settled dogma of the forestry faith; not heard of so much of late as formerly, 
but if good for trees why not for steam engines? In and about Pittsburg) 
steam engines evaporate about 40,000,000 gallons of water daily, besides which 
there are the lawn sprinklers and the clothes lines, ete. Yet rain gauge records 
show no indication of greater rainfall in the district than in the surrounding 
country, and both in the city and the country about it during droughts, plants 
anguish as everywhere else for lack of moisture. 

For Professor Zon’s second general conclusion (page 273), the present writer 
makes decided objection to the lines which he has italicized in the following 
quotation. ‘‘The regularity of flow of rivers and streams throughout the year 
depends upon the storage capacity of the water shed which feeds the stored 
water to the streams during the summer through underground seepage and by 
springs.’’ 

Objections to this tenet are embodied in what follows in the writer’s remarks 
on Pros and Cons, and need not therefore be dwelt upon here. 
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found to be dry at their mouths, and that light flat boats grounded 
at almost every rapid from Pittsburg to the Indiana State line, a 
distance of about 500 miles. In another year he will hear of a 
threatened Indian cance attack upon Fort Pitt rendered impos- 
sible on account of low water conditions in the Allegheny River. 
Again, at Fort Pitt, he will hear of the river banks, including 
houses and gardens, being washed away by sudden ficods from 
the Allegheny. Later, in the Nineteenth Century, in 1810 and in 
1832, he will hear cf-flocds practically as great as any since re- 
eorded, and of low water conditions in 1838 and 1854 never since 
equalled at Pittsburgh. As the inquirer proceeds further into 
the realms of official weather reports, he will learn that flood 
periods are exceedingly irregular. In one period of twenty-six 
consecutive years there were, in the Monongahela River, nearly 
twice aS many moderate freshets as in the preceding twenty-six 
vears, a record published far and wide by the ‘‘tree man.’’ Yet, 
in this ease, curiously enough, if the months of February and 
Mareh, during which there are no leaves on deciduous trees, for the 
52-year pericd, be eliminated, it will be found there were fewer 
freshets in the second than in the first pericd, which fact is skipped 
over by the ‘‘tree man.’’ 

The absurdity of their position on the point of increasing fre- 
queney of floods is made manifest by consulting the weather records. 
A ‘“‘eyele’’ of storms on the Gulf of Mexico during the second 26- 
year period brought floods to West Virginia, western Pennsyl- 
vania, and Kentucky in February and March, greatest in the most 
forested districts of these states. Now, unless it can be demon- 
strated that conditions of land cover in these northern states has 
some controlling influence on the storms originating on the Gulf 
of Mexico, there is absolutely nothing in the contention of the 
forest people. 

The inquirer will be unable to learn that people are abandoning 
their property along the Ohio because of the increasing frequency 
of destructive floods, but he will hear that with increasing valuation 
of their land for homes and for manufacturing purposes, inquiries 
are atoot as to the best methods to pursue to minimize flood dam- 
ages. Among the schemes proposed is the planting of trees on 
some thousands of acres on the headwaters, but such a project will 
scarcely appeal with much force to persons of intelligence aware of 
the fact that if millions of acres of forests, formerly in existence, 
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did not avert floods, little prospect for relief would be afforded by 
such puny attempts at reforestation. 

One thing is certain about the Ohio, viz, that whereas formerly 
with trees overhanging its banks they were subject to constant 
erosion but now its banks are more stable, the channel less change- 
able and the river is every way freer from snags, silt deposits, safer 
and better for navigation than ever before. 

The least known measured discharge of the Ohio at Wheeling 
and Pittsburg was during the fall of 1838 and was thought to have 
been nearly approached in 1854 and 1856 and again in 1895, and 
almost equalled, as determined by measurements, in 1908. Alone 
the Monongahela in 1838 every tributary, with one exception, be- 
tween Pittsburg and Brownsville, 57 miles, became dry at its 
mouth. At this time the measured discharge of the river, and 
again in 1856, was less than has since been certainly known. 

Since 1856 towns and cities embracing a population of over 
500,000 have grown upon or adjacent to the river bank, which 
population obtains its water supply from the river. Considering 
this in connection with the fact that hundreds of thousands of horse- 
power in engines are constantly evaporating river water in the 
form of steam, any fair-minded hydrologist would not hesitate to 
assert that the extreme low water discharge of the Monongahela 
has inereased, rather than diminished, with deforestation, cultiva- 
tion of the soil, and developments of population in the valley. 
Many minor tributaries of the river dry up as of yore, but still the 
river holds its own as stated, presenting a problem for considera- 
tion. 

The present writer, in 1885,* in this connection ventured the 
opinion that the hydrological phenomena observed cn small streams, 
or on limited areas, if applied to large areas may lead sometimes to 
erroneous conclusions. It is his belief, for instance, that the dry 
season, or minimum discharge of considerable rivers, does not 
represent the tributes of a multitude of springs but rather that 
due to local storms, first from one, perhaps limited, locality, and 
later from another locality and so on ad infinitum, the effect of 
such local storms being sufficient to keep up a continuous flow in a 
Stream which has several thousand square miles to draw upon. It 
is not difficult to imagine that while all cf the small tributaries 
during the dry season would be sometimes dry, they might not all 
be dry together. 


*See Proceedings American Forestry Congress, September, 1885, page 92. 
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Calling the area of the basin of the Monongahela 7,500 square 
miles, and its low summer discharge 300 cubie feet per second, 
we may entertain two theoretical propositions : 

First. Sole dependence upon springs, each of two gallons per 
minute discharge. In this case 67,320 springs would be required, 
allowing nothing lost by evaporation. (As against average springs 
it is to be remembered that during even ordinary dry seasons they 
are lost by evaporation in their courses before they can unite with 
other springs to form brooks. ) 

Second. For 300 second-feet discharge dependence to be placed 
on lecal rain storms, each covering 75 square miles of territory. If 
from any of the hundred areas into which the entire watershed is 
divided there is a run-off of storm waters amounting to one-quarter 
of an inch depth onee in 42 hours, with no allowance for evapora- 
tion, the 300 cubic feet per second would be maintained in the river. 

With a little reflection it is apparent that while somewhere in 
the valley hard showers occurred every 42 hours, yet, at the end 
of the summer, it could be said on the whole the season was dry 
‘‘with crops below the average.’’ The chances of such limited 
storms covering rain-gage stations would be about as one for, to 
fifteen against, that prospect, hence few of the storms would be 
reported. 

It is left to the reader to decide which of the propositions is 
most promising for effective water supply, certain to reach the 
river, and which accords best with meteorological and hydrological 
laws known: to observers. The unanimous votes of the citizens of 
the hundred creek valleys doubtless would be cast against that of 
the lone river-gage recorder who at the end of the season reports, 
‘‘Medium low water conditions prevailed with very uniform dis- 
charge. Guess the farmers above did not suffer for lack of rains, 
although around this station garden truck suffered.’’ 

In support of the above theory, tentatively put forth, it may be 
stated that it is rather common along the Monongahela to hear of 


rain storms in some of the creek valleys which raise the pools of the 


dams, into which the water is discharged, several inches or more 
while the pools above may be at a stand or falling. What the 
writer has said of springs, as being very insignificant sources of 
supply to rivers, has reference to the greater part of the basin of 
the Upper Ohio, where the soil is only very moderately permeable. 
Nothing illustrates this fact better, for instance, than the sudden- 
ness with which summer floods on the Monongahela subside. Thus, 
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in July, 1888, there occurred in the valley three days of hard and 
persistent rains when the forests were in full leaf, yet, nothwith- 
standing the season, there occurred the greatest and highest gen- 
eral flood known in more than an hundred years’ history of the 
valley, the river rising at Brownsville 39 feet, or to 44 feet above 
the river bed, a mark never before, or down to 1911, reached. The 
country was saturated to the limit of its capacity, yet within seven 
days after the crest of the flood had passed the river had fallen to 
almost the same low stage it had before the flood. Many such 
instances of rapid decline of freshets during the summer and fall 
months could be cited, tending to show how lhttle capacity the 
country has for ground storage. The foresters often refer to the 
‘“suddenness’’ with which floods come up, but are wary of speaking 
of the rapidity with which they can decline in headwater rivers 
issuing from the mountains, and never do they consider the bed 
slopes of streams which determine the velocities, and hence the time 
required for a given rainfall to produce a flood at a given point. 
Deforestation has surely not changed the bed slopes of our rivers 
and their tributaries. 

Quite the reverse conditions of soil may be found on some of the 
tributaries of the Allegheny, Beaver, Muskingum, Scioto and Wa- 
bash rivers, where the reservoir capacity of the soils in places is 
remarkably great. It is this great difference in soils at headwaters 
which gives the Allegheny River a yield of water in seasons of 
drought -four to five times greater than that furnished by the 
Monongahela basin from equal areas. The Allegheny heads in a 
region of glacial drift, whereas on the Monongahela there are no 
such permeable deposits. 

If indeed the entire watershed of the Mississippi was of deep 
olacial sand formation such as that of portions of northern Indiana 
and southern Michigan, known to the writer, the fluctuations in 
the discharge of its component rivers would be exceedingly small 
and there would be no necessity for improving their navigation by 
means of dams. The region referred to in the states named was 
long ago, for the most part, cleared of its timber, without appre- 
clably affecting the conserving capacity of the soil. 

Whatever effect the shade of trees may have by reduction of 
temperature in retarding evaporation from the soil, experiments 
indicate that below a depth of 30 inches in average soil there are no 
diurnal changes of temperature, hence whatever water or moisture 
may be below that depth can not ordinarily be affected. by the 
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surface covering, although the ground must respond slowly, of 
course, to the mean seasonal atmospheric temperature, as does every- 
thing in the forests as well as in the open country down to 15 or 20 
feet below the surface. 

Some of the more enthusiastic friends of the forests who have an 
unshakable faith in their efficiency are now desirous of seeing 
what the forests can be made to do for the rivers, and they are 
asking how much water must be forthcoming to maintain a 6 to 
9 foot depth on the Ohio without locks and dams. Che magnitude 
of the task they propose to impose on the dear old trees is really 
appalling, and some of the weak-kneed brothers are already sug- 
gesting reservoirs to help the trees along. If an old father tree 
could speak on this topic, he would very likely say, ‘‘ We old fellows 
are dependent for our lives on the storm clouds; we need all the 
water we can get; in fact, we fail frequently to get enough to satisfy 
our thirst: see Hunter and Ward about this; and come to us only to 
unite with you in prayers to Jupiter Pluvius, for when he nods 
his head our leaves stick on well; when he does the reverse we are 
sometimes driven to take the nourishment of our offspring and see 
them curl up and die at our feet, and this too at times when from 
our lofty perch we can perceive the silvery sheen of flowing rivers 
far away towards the horizon. How hard and frequently it must 
rain down in that happy hunting ground, and yet there are those 
with nerve enough to tell us that it rains on these highlands more 
than it does way down in the valley.’’ 


Addenda 


No. 1. Condensed from ‘‘Olden Time,’’ compiled by Neville B. 
Craig, Publisher, 1846. Reprint, 2 oct. vols., 1876; Cincinnati, 
Robert Clark & Co. 

Col. Richard Butler, one of the commissioners appointed to make 
a treaty with the Northwestern Indians, left Fort Pitt with his 
party of soldiers and supplies in a number of flat boats and canoes 
September 26, 1875. Colonel Butler kept a daily journal of the 
progress of his fleet, reaching Louisville, falls of the Ohio, De- 
cember 7. The river was described by him as being low all the way 
from Fort Pitt downward, the channel in many places being very 
crooked; amidst sand bars and boulders their light flat boats fre- 
quently ‘grounding. That some of the tributaries were practically 
dried up may be surmised from his description of the mouth of the 
Little Miami River, which drains 1,800 square miles, reached 
October 21, 1785. After mentioning that while his men were get- 
ting the flat boats off a bar nearby in the Ohio, he walked down to 
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take a look at the mouth of the Little Miami. Then, on page 453, 
he says, ‘‘Passed the mouth of the Little Miami at 3 o’clock. It 
was so low there was no water running above the sand bank, which 
is off its mouth; the sand is quick and the little water which issues 
through it passes through the sand.’’ 

Referring to the river channel in this vicinity, Colonel Butler 
remarks, ‘‘ About a mile below our camp a sand bar which extends 
almost across the river took up three of our small boats, the others 
passed by by keeping close to the Indian (Ohio) shore. Major 
Finney remained with those that stranded.”’ 

That there had been very high floods in the river before 1785 is 
evident from what follows. It may be that the flood referred to 
was the same of which there are several independent traditions in 
practical agreement, to the effect that a certain flood reached a 
mark, where Cincinnati now stands, equivalent to a height of about 
76 feet, or 5° feet higher than the greatest recorded flood, viz, that 
of 1884. 

The Commission decided to locate their treaty station at the 
mouth of the Big Miami (near the Indiana and Ohio State line). 
They were dissuaded from adopting their first choice on the bot- 
tom land by the appearance of drift in the trees 14 feet above 
the level of the ground. Referring to a Captain George (probably 
a hunter or trapper), Colonel Butler says, on page 455, ** Captain 
George, who had lived below the mouth of this (Miami) River, as- 
sured me that all the bank from the river for 5 miles overflow, and 
that he had to remove to the hill at least 5 miles back, which de- 
termined me to take the present situation.’’ Evidently, this great 
tlood occurred not long before 1785. 

Butler’s description brings to my mind personal experiences, 
1866-1870, when as an assistant engineer I had charge of wing dam 
building and removal of snags, Pittsburg to Louisville. Our little 
steamer, drawing only 14 inches, during the fall of the years 1868 
and 1869, frequently rubbed on the bottom at the rapids at numer- 
ous places along the river. Capt. Geo. W. Rowley, my consulting 
pilot, had started in as a keek boatman below Louisville, and in 
1837 helped to push a boat up the river with a pole, Louisville to 
Pittsburg, 598 miles. The boat carried planks and stakes with 
which they frequently made deflecting dams to assist them in 
getting over the shoals. Captain Rowley was, during the Civil 
War, a noted pilot of a light-draft gunboat on the western rivers, 
and had no superior as a pilot on the first-class passenger steamers 
that formerly plied the Ohio. 

Like all experienced river men whom the present writer has 
met, he invariably stated that the difficulties of navigation from 
low water, snags, ete., were much worse in earlier than in later 
times. As Mark Twain says (p. 300 in his ‘‘Life on the Missis- 
sippi’’), ‘‘ With these beacons, the banishment of snags, plenty of 
daylight in a box ready to be turned on whenever needed, and a 
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chart and compass to fight the fog, piloting on a good stage of 
water is now nearly as safe and simple as driving a stage.’’ 

No. 3. From report of W. Milnor Roberts, Chief Engineer, dated 
December 24, 1839. Published in Second Annual Report Monon. 
Nav. Co., presented 1840: 

‘During the year 1838, the waters of the Monongahela, in com- 
mon with most of the streams in Western Pennsylvania, were 
lower than at any former period within the recollection of the 
oldest inhabitants. 

‘‘Measurements of the stream were made at different times, in 
order to ascertain the minimum flow. On August 30, when the 
stream was generally considered near its lowest stage, the quantity 
passing at Brownsville was 12,420 eubie feet per minute. All the 
tributaries, from that point to the mouth of the Youghiogheny 
River, were then dry at their outlets. 

‘On September 19 it was again measured at Brownsville, when 
the quantity passing was found to be only 4,500 eubie feet per 
minute. This was the actual period of the lowest water that extra- 
ordinary season.’’ 


No. 4. From annual report of Monon. Nav. Co. for the year 1854: 

‘*In July, however, the effects of the drought began to be felt; and 
on the 27th of that month the water became so low that the large 
packet boats ceased to run during a period of nearly three months, 
and were not able to resume their trips until the 17th of October. 
During a part of that time, however, smaller boats were run; but 
the water was still so low that even they could earry little or no 
freight, and the common coal flats could not be towed over the 1m- 
provement with full loads; in fact, business upon the river during 
that period was virtually suspended, an occurrence heretofore 
entirely unprecedented. 

‘“A slight rise about the middle of October enabled the packets to 
resume their trips; but the water did not rise sufficiently to let out 
the coal boats, which were loaded for the western market, until 
after Christmas. 

‘“Many of these boats were loaded in May, and kept afloat at the 
expense of their owners during the entire summer and fall. The 
water, during the greater part of that time, not only ceased to 
run over the dams, but by evaporation and leakage became almost 
hterally dried out of the pools.’’ 

No. 4. From annual report of Monen. Nay. Co. for the year 
1856: 

‘“After these repairs were completed and the navigation re- 
sumed, the river continued to fall, until the water became so low 
in the different pools as to suspend the navigation entirely; and 
from the 14th May until the 1st December, a period of more than 
six months, there was at no time a sufficiency of water either in the 
Monongahela or Ohio rivers to float coal boats. A rise then 
oceurred of about 7 feet, which enabled light boats and barges to 
run out, but the heavily laden boats, destined for the lower Ohio 
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market, could not move, and still remain in the river where they 
are now frozen up, although many of them have been laden and 
prepared for market more than eight months—a state of affairs 
entirely unprecedented since the construction of the improvement. ”’ 

Some idea of the extreme lowness of the river may be gathered 
from the following statistics, which are so remarkable as almost to 
challenge belief; but as the measurements were made with great 
eare, at different points and by different persons, and corroborate 
each other, they form strong proof of the facts. 

‘‘Below Dam No. 4 the water was gauged by the president of the 
company, on the Ist day of October, 1856, and the quantity passing 
per minute was found to be but 1,492 cubic feet. Mir. Charles 
Stewart, the engineer, gauged it at the Brownsville bar on the 8th 
day of October, 1856, and the quantity passing per minute was 
1,365 cubic feet. In 1838, which was a remarkably low water 
season, W. Milnor Roberts, Esq., gauged the Monongahela at its 
lowest stage, and ascertained the quantity passing to be, per min- 
ute, 12,000 cubic feet—more than eight times as much as either of 
the above measurements. Charles Ellet, Esq., made examinations 
during the summers of 1843, 1844, and 1845 at Wheeling bar, and 
the minimum quantity reported by him was (September 30, 1844) 
about 70,000 ecubie feet per minute.’’ 


No. 5. From annual report of Monon. Nav. Co. for the year 
1862. 


After referring to the fact that there was a general drought in 
the Monongahela with very low water conditions for several con- 
secutive months, President Moorhead quotes the following from 
the Pittsburg Gazette, which he says is ‘‘mainly correct.”’ 

‘“The river continued to swell steadily until about noon yesterday 
with 11 feet by the marks. As usual, this rise is almost entirely 
out of the Allegheny, as the Monongahela has not risen a foot all 
told. This makes the third or fourth rise we have had in the 
former stream this fall, while the latter has not risen 2 feet during 
the past ten months. This is certainly very strange, yet it is 
nevertheless true.’’ 

Marked seasonal differences in the rainfall covering the two 
valleys has also been observed in more recent times. 

Referring to the drought of 1879, President Moorhead says that on 
May 1 the Ohio at Pittsburg had fallen to 4 feet 6 inches, and be- 
tween that date and November 13, 614 months, there was at no 
time a sufficiency of water in the Ohio to float coal barges, with the, 
exception of one day when there was 7 feet 6 inches depth, and 
that during the entire time there was but six days when it exceeded 
4.6 feet at the city marks. 

This statement regarding 1879 is about equalled in Neville B. 
Craig’s ‘‘History of Pittsburg,’’ page 285, where Major Craig, 
(Juartermaster General, speaking of the building of the President 
Adams and the Senator Ross, small war galleys, mentions that 
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the Adams was launched May 19, 1798. In letter dated July 27, 
1798, Major Craig says ‘‘The galley Senator Ross is ready to launch 
but not enough water to float her. The river is said to be lower 
than ever known at this season.’’ October 138 he writes ‘‘The 
rivers still continue to fall and are now said to be 12 inches lower 
than ever before known.’’ Neville B. Craig adds ‘‘The river con- 
tinued low until closed by ice, so that the galley, Senator Ross, was 
not launched until the spring of 1789.”’ 

Speaking generally of the Ohio, Craig, the historian, quotes a 
letter from Major Craig to General Knox, Secretary of War, dated 
June 14, 1793, and says, ‘‘The navigation of the Ohio is not ma- 
terially better from Wheeling than from Pittsburg in a dry season, 
and our best Ohio pilots say they find nearly the same difficulty 
until they pass the rapids below the Little Kanawha; indeed, we 
have found that more accidents have happened to boats and more 
loss sustained below Wheeling than above.’’ A statement which 
he adds is ‘‘Confirmed by letters from Col. John Gibson and 
Maj. George McCully, both men acquainted with the river and long 
accustomed to navigate it.’’ 


Pivots in Wefense: TKheir Sise and Organtsatton 


By DOLF 


Field Service Regulations, Part I, lays down (Sec. 107. 9) that 
‘‘defensive positions will normally include a number of localities of 
special tactical importance,’’ and that ‘‘the efforts of the defender 
will be directed in the first instance to occupying and securing 
these points.’’ Here, then, is a definite principle on which the 
defense of a position or zone should be conducted. According to 
the Manual of Field Engineering (Sec. 50.3), these localities may be 
commanding features of the ground, groups of substantial build- 
ines and anclosineet or wooded knolls. It has been pointed out 
(wide ‘‘Natural Points d’Appui,’’ R. E. Journal, February, 1913) 
that localities such as woods and villages, which are so to speak 
ready to hand, are better than those which have to be constructed 
for the purpose, such as a group of trenches on a hill. The follow- 
ing reasons were given; woods and villages are easily adapted for 
defense ; abundant material for obstacles, ete., is usually available; 
they afford cover from the view and fire of the enemy and serve to 
screen the movements of reserves; and, perhaps most important of 
all, they give almost complete concealment from hostile aerial re- 
connaissance. 

It can not be expected, however, that natural points d’appwi or 
pivots (to use the official nomenclature) of suitable size and situa- 
tion will always be forthcoming. It seems clear then, that if this 
system is to be followed ‘‘natural’’ pivots may have to be enlarged, 
or entirely ‘‘artificial’’ ones constructed. 

Thus the question arises as to what 1s the suitable size , for a pivot? 
for if one has to be made to order, some idea as to this point is 
certainly necessary. Before going into this it may be well to recapi- 
tulate the objects and advantages of this system of defense. The 
objects may be said to be 


To regain to a certain extent initiative presumably lost owing 
to defensive attitude; this is accomplished by occupying lo- 
ealities that are certain to attract the enemy to attack them. 

To preserve an offensive spirit in the defense by giving op- 
portunities for counter-attack. 

To economize the numbers required for defense by occupying 
only part of the front. 


*Reprinted from Royal Engineers Journal for June, 1913. 
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. To facilitate command and organization of the defense by 
the concentration of the defenders into nuclei. 

To obtain full benefit from the power of modern firearms and 
the disconcerting effect on the enemy of flanking and cross- 
fire. 

Other advantages not included in the above may be said to be 
1. The gain in morale due to an increased sense of security 
which results from the shape of the pivot, its internal or- 
ganization, and the facilities for strengthening it. 

The mutual support of neighboring pivots. 

The possibility of developing flanking fire from positions 
screened from the front. 

iv. Ground can be used to the best advantage. 


Almost the only disadvantage is the liability to concentrated 
hostile artillery fire. This can be lessened by avoiding overcrowd- 
ing and making good cover. 

To attain the objects and secure the advantages enumerated above, 
a pivot must be of sufficient size and suitable shape to give the 
necessary amount of fire to front and flanks; it should require for 
garrison a complete unit or an easily handled portion of one; it 
should be large enough to be comparatively invulnerable to artillery 
fire. These are not very definite data from which to fix the size of a 
pivot, but it is necessary to make the best of them. 

The length of front required depends upon the amount of ground 
to be covered by fire. This is determined by the extent of field of 
fire to the front, and partially by the interval between neighboring 
pivots; both these depend again on the nature of the ground both as 
regards shape and surface in so far as visibility is concerned. The 
amount of fire to a flank which is required also depends upon the 
extent of field of fire in that direction. If the ground is open, it 
would seem desirable that the whole space intervening between two 
pivots should be under the ‘‘close’’ rifle fire of one or other; this 
would give 1,200 yards as a maximum interval; either pivot would 
then be able to sweep the front of the other with ‘‘effective’’ fire. 
Under these conditions each pivot would be responsible for 1,300 
vards or so of front. The maximum garrison excluding local re- 
serves for this frontage, calculated according to Sec. 108. 8, Field 
Service Regulations, I., would be 1,950 men, or two battalions. 

The conditions assumed are, however, very favorable to defense ; 
the ground is open and there are facilities for forming strong pivots ; 
the method, as such, aims at holding certain portions of the line only, 
so that a larger proportion of the troops may be available for 
counter-attack. It seems therefore that a battalion would suffice 
for the garrison of a pivot in the conditions described. If the 
ground is such that the field of fire to front and flanks is more lim1- 
ted, the interval between pivots may have to be reduced. On the 
other hand, the enemy will be under fire for a shorter time and more 
rifles may be necessary to produce the required effect. Within 
certain limits these factors would neutralize each other and a 
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battalion would remain theoretically the most suitable garrison. 
It is obvious that, when the field of fire to the flanks is very limited, 
smaller garrisons will suffice. 

It may be said that such theoretical discussion has lttle practical 
value and that each case can only be dealt with on its merits. It is 
certain that each case must be dealt with on its merits, but previous 
theoretical discussion should facilitate this being done quickly and 
correctly. 

In the defense of a position on this system, therefore, an estimate 
should first be made of the average garrison for a pivot demanded by 
the type of country. For ordinary European country, a battalion 
to a pivot seems a good basis to work on, if the necessity for modi- 
fications imposed by abnormal conditions is kept in mind. This, of 
course, applies to operations of the type contemplated in Sees. 107 
and 108, Ch. VII, Field Service Regulations, Part I—that is, stub- 
born defense by a considerable force. 

Other conditions, as in the case of a protective detachment, may 
require a smaller force to hold a more extended line; the average 
pivot garrison would then be proportionately reduced. 

‘‘Natural’’ localities, or possible sites for artificial pivots, must 
next be examined. If the former are unsuitable as regards size or 
in other respects, it 1s for decision whether the advantage of con- 
cealment from air craft should outweigh other considerations, such 
as undue concentration and consequent lability to suffer from 
artillery fire; whether, in fact, the locality should be occupied as it 
stands, enlarged ‘‘artificially,’’ or a fresh artificial pivot constructed 
on a more suitable site. | 

It may happen for strategical, or even tactical reasons, that there 
is no objection to the enemy discovering the position and that there 
will be no advantage in concealment from aircraft. 

Concealment from the view of hostile troops on the ground is a 
different matter and should always be arranged for as far as pos- 
sible. 

In applying this system of defense to the ground there is a tend- 
eney to hold minor features or localities. This should be guarded 
against, as it leads to the formation of a line of small posts. Such 
a line has few advantages over the old linear method and many dis- 
advantages, especially as regards organization, compared with the 
system of large pivots. 

There seems to be a certain amount of vagueness about the terms 
‘‘pivot’’ and ‘“‘post.’’ Neither is defined in any training manual, 
except the former in its cavalry signification. 

Kvery defended locality is not likely to be a pivot in the original 
meaning of the word, but the term seems to be the official one for 
what the French call points d’appwi, or what Major Swinton in 
his lecture at the R. A. Institution on February 16, 1911, charaec- 
terized aptly as ‘‘defensive blobs.’’ The customary use of the 
word ‘‘post’’ implies something on a smaller scale, and it would 
perhaps be well if the distinction as to size were generally recog- 
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nized. One could then say without fear of misunderstanding that, 
if the shape of the ground or tactieal conditions demanded that a 
‘‘pivot’’ should cover an area somewhat extended for its garrison, 
it could be oceupied by holding ‘‘posts’’ at intervals connected by 
obstacles. 

One of the advantages claimed for the pivot system was the 
improved facilities for the command and organization of the de- 
fense. This is due of course to the concentration of the defenders 
into well-defined localities, instead of their being distributed along 
the whole front. Communication (in both senses of the word) to 
the rear is much simplified. 

The internal organization of the pivot must also be good, if full 
value is to be derived from the system. 

The garrison of a pivot will usually consist of the firing line and 
supports, local reserves being kept outside for use in intervals, ete. 
No great measure of offensive action will therefore be expected 
from the pivot itself; and the proportion of the garrison in the 
firing line can for this reason be relatively high. Men so allotted to 
the front line beforehand will be of more use there than if hurried 
into position at the last moment; and, if suitable internal communi- 
cations have been made, they can always be moved to remforce a 
more threatened portion of the defenses. 

Screened communications are very important; these must be both 
lateral, along the front line, and radial, back to the center, where 
headquarters, reserves, etc., will usually be located. The enemy 
should not be able to detect any movements in, or behind, the firing 
line. If time is available such communications should be made 
bullet proof. 

The shape in plan of a pivot generally gives a fair indication of 
its suitability ; if there is a great disproportion between its breadth 
and depth, there should at least be some good reason for it. 

It is better, if tactical considerations permit, not to allot to a 
pivot a garrison which does not admit of a sound system of com- 
mand and organization. A complete unit, a company or battalion, 
whose commander is known to all is obviously the best; two com- 
panies or two battalions are probably the worst, as the command of, 
say, a battalion by the colonel of another in addition to his own 
ean never be a really satisfactory arrangement. 

Within the pivot, the subdivision between units should correspond 
with tactical requirements; better results may be expected if, for 
instance, companies do not unnecessarily have to face both to 
front and flank, but can be given a definite tactical mission such as 
sweeping with fire the front of a neighboring pivot. 

A so-called ‘‘Keep’’ may be prepared to enable the garrison to 
continue to resist after they have become too weak to hold the 
original outer line, or so that, owing to changed tactical conditions, 
_ the pivot can be held with a reduced garrison. Each case must be 
considered on its merits; it will often be undesirable, ahd sometimes 
impossible, to make a ‘‘keep.”’ 
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It is laid down in the Manual of Field Engineering (50.3) that 
‘pivots should be capable of all-round defense.’’ It would seem 
that this should be interpreted to mean that the flanks should be 
brought well back, so that the defense would not be seriously affect- 
ed by even the loss of a neighboring pivot. 

The inadvisability of doing anything which would assist the 
enemy to hold the pivot if he captured it, and the extra work which 
would be entailed by making defenses actually facing to the rear, 
would as a rule counterbalance the advantage of being prepared 
for the somewhat unlikely contingency of an attack from that. diree- 
tion. 

The Plate shows suggested organization for two such pivots in 
fairly typical country. It may serve to illustrate most of the points 
mentioned above. No. 1 is supposed to be the right flank pivot of 
a position occupied by a brigade. Both are liable to be exposed to 
artillery fire, Their extent is, however, such that they would not 
be greatly affected by it. No. 1 can develop plenty of fire to the 
exposed flank. It is perhaps a lttle weak in frontal fire; wing 
trenches A and B would be used to increase this if necessary. 

The distance apart is in this ease decided by the shape of the 
ground; the central interval works out at about 1,200 yards. A 
battalion would be a suitable garrison for each pivot, assuming of 
course that a stubborn defense is intended. This may appear exces- 
sive in the case of No. 2, but owing to the contour of the ground the 
defense of its left flank could not be assisted from the next pivot. 
In both cases ‘‘natural’’ cover is available; the hedges round the 
village are thick and high, and ‘‘ East Wood’’ is a well-grown hazel 
copse with some large trees. Any clearings required would not be 
conspicuous, as they are a common feature of such woods. There 
are good existing radial communications in No. 1, and the lane 
along the front of East Wood would serve for lateral communieéa- 
tion in No. 2. Others would have to be made. The shape of No. 1 
may be said to be suitable; No. 2 is somewhat broad for its depth, 
but this is dictated by the shape of the ground. 

If desired, a ‘‘keep’’ could be arranged for in No. 1 Pivot in the 
area, ‘‘Parsonage Farm, St. Mary’s Church School.’’ It would be 
practically impossible to form one in No. 2. An entrenchment 
could of course be made in rear, say, in the neighborhood of C, but 
it would have little connection tactically with the primary defense 
of the pivot. 

As regards the occupation of such positions, the approximate sites 
of pivots would be given and the garrisons allotted by the brigade 
commander, working on results of reconnaissance carried out by or 
for him or by divisional or higher authority. The pivot commander 
would then be responsible for the detailed arrangements for which 
any report or sketch made by a reconnoitering officer would be most 
useful. To assist in the work some Sappers would no doubt be 
allotted if available. As we have only two-thirds of a Field Com- 
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pany to an Infantry Brigade, one section is all that can be expected 
for a pivot occupied by a battalion. 

The R. E. officer should be the pivot commander’s adviser as to 
the employment of the Sappers, and in all other technical points 
connected with the defense. These are outside the scope of this 
article, which has dealt with purely tactical considerations; tech- 
nical details are, however, so closely allied to what may be ealled 
tactics of ground that there seems no doubt that all R. E. officers 
should be experts in the latter subject as well as in the former, es- 
pecially as it is laid down in Engineer Training that the recon- 
naissance of the ground and proposals for its occupation may fall 
to the lot of Engineer officers. 


Some Experiments tn the Gse of Bamboo for hasty 
Bridge Construction 


BY 


Capt. P. S. BOND 


Corps of Engineers; Member American Society 
Civil Engineers 


In pioneer work with the advance of an Army the Military Engi- 
neer is called upon to make the best use possible of such materials 
as he can find at hand. There are localities in the East where bam- 
boo is the only material available. Such a locality is the north 
central part of the island of Luzon, where one may travel miles 
without seeing any other vegetation worthy the name of material 
for construction. Bamboo is not in general as suitable as timber 
for the construction of military bridges, yet it possesses some ad- 
vantages, as will be noted. 

Some interesting examples of the use of this material may be 
seen in the work of the Filipinos, who employ it extensively for a 
great variety of purposes. It is even used for water pipes, pumps, 
bellows, and other intricate devices, and a house is never built with- 
out it. The native bamboo bridges are in general built in a rather 
slip-shod fashion, on no sort of system; and hardly any two bridges 
are alike. In these bridges bamboo is generally used in conjunction 
with other materials. No native bridge that the writer has seen 
is suitable for heavy Army traffic, for the reason, principally, that 
as the natives use no heavy traffic they have no occasion to construct 
bridges of great strength. The writer undertook to devise some 
forms suitable for military purposes, and the results of his experi- 
ments are given herein. 


PHYSICAL CHARACTERISTICS OF BAMBOO. 


Bamboo grows extensively in the Philippine Islands. It occurs 
in clumps of from ten to thirty stalks from a common root. The 
_ trees are of rapid growth, and often attain a height of 60 feet and 
a diameter as great as 7 inches at the butt. There is, ordinarily, 
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little difficulty in obtaining fairly straight pieces of nearly uniform 
cross section, 30 feet in length and 4 to 5 inches,in diameter. The 
structure is too well known to require description. The joints 
occur at intervals varying from a few inches up to 2 feet or more. 
The eross section between joints is an annulus, the thickness of the 
annular ring as well as the diameter of the stalk decreasing toward 
the top of the tree. At the butt the tree is sometimes almost solid, 
whereas at the tip the thickness of the fiber may be not more than 
1, of an inch. 

The branches from the main stalk are small, and the fiber is very 
straight and, except for the joints, free from knots. Bamboo has 
little strength across the grain. It splits very easily, and as a 
consequence the stalks crush easily. The tensile strength is very 
high. The compressive strength is considerably less, due to the facet 
that failure under compression results from the splitting of the fiber 
as well as actual crushing. Columns of a length of more than ten 
diameters fail by splitting and brooming of the fiber near the ends 
in cases where a wooden column of the same dimensions would first 
buckle near the center. The strength of columns of moderate length 
can therefore be increased by binding the ends with wire or marline. 
There are several different species of bamboo, showing considerable 
variation in strength. The best grade is known as Espina No. 1. 
It can be distinguished by having finer thorns than the inferior 
varieties. 

Bamboo is subject to rapid decomposition if alternately wet and 
dry. It is also quickly attacked by ants. 

The advantages of bamboo for the pioneer’s use are as follows: 
It is very hght in proportion to its size and strength, and easily 
eut and handled. Its annular cross section adds greatly to its 
strength, both columnar and transverse. It occurs in sizes con- 
venient for use. 


The disadvantages of bamboo are as follows: 


It splits and crushes very easily, and can not be secured by either 
spikes or bolts. (Seasoned bamboo, before it begins to rot, has in 
general more strength than the green material.) Lashings will 
not hold securely if any great strain is brought upon them. Bam- 
boo cannot be notched or dapped without seriously diminishing its 
strength. It is difficult to cut down and drag out of the clumps in 
which it grows, and cannot be obtained in large sizes. 
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The results of certain strength tests are given at the end of the 
article. 


TYPES OF TRESTLES.* 


The ordinary framed trestle bridge will be the best form in the 
great majority of cases. Other forms of bridge should be used 
only where it is manifest that they are more suitable than the 
framed trestle, which will seldom be the case. In a very narrow 
and very deep ravine a spar bridge will occasionally be more 
suitable than a trestle bridge (see Fig. 5), although even in such 
cases a tall trestle in the middle, or two of less height near the 
banks, will often be easier to install than a spar bridge. 

In constructing trestles of bamboo, some restrictions are natu- 
rally imposed. Lashings only can be used for fastenings, but 
these may be supplemented by pins of hard wood or bamboo. Lash- 
ings will not hold under any considerable strain, and a plain butt 
joint is the only safe kind. As bamboo ean not be readily obtained 
in large sizes, additional strength must be secured by the use of mul- 
tiple pieces. 
~The various trestles shown in the drawings and photographs were 
eonstructed and tested by Company H, Second Battalion of Engi- 
neers. 

Fig. 1. This trestle is very simple and easily constructed. The 
eap and sill are smaller than the legs, and secured in notches cut 
in the latter, and resting directly upon the ends of the legs. There 
are four diagonal braces, which may be made of round sticks or 
split bamboo. The whole is fastened together with pins and lash- 
ings. Considerable stiffness may be added by extending the diag- 
onal braces and attaching them to the ends of the cap and sill 
(see Fig. 3). There may be any number of legs, and the 
outer ones may be slightly inclined. This trestle is suitable for 
light traffic, such as infantry, cavalry, and pack trains, and for 
moderate heights up to about 10 feet. 

ieee eis, trestle is quite similar to the last,. except 
that the cap and sill are larger, and are secured to the legs by 
splices of bamboo taken from near the butt of a stalk. It is much 
stronger than the last type, but takes longer to construct. If the 
height is over 8 feet, two horizontal braces should be placed across 
the legs at.the middle. These braces may be let in between the 





*The first nine figures, of which only six are referred to in the text, will be 
found on the lithograph between pages 596 and 597. 
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legs or lashed continuously clear across (see Fig. 6). This trestle 
is suitable for bridge trains and loaded escort wagons, or any 
hghter traffie. 

Fig. 3. In this trestle the cap, sill, and legs are each made of 
four pieces (stalks) of bamboo lashed together at intervals. Its 
construction is very simple; 1t does not require straight pieces, and 
the legs afford large bearing surfaces for cap and sill. It is fasten- 
ed and braced in a manner similar to the other types. This trestle 
is suitable for the heaviest traffic of an army, and for any height 
up to 25 feet. 

Fig. 6. This trestle has three legs of three pieces each. The 
middle piece of each leg supports no weight except that transmitted 
by the lashings, but serves to support the leg against buckling, and 
forms an attachment for the cap and sill. The latter are each 
double, and rest upon the two outer pieces of each leg, being 
lashed securely to the middle piece of the leg. Both cap and sill 
may be made quadruple (see Fig. 8). The trestle is diagonally 
braced, and in heights over 10 feet the legs should be horizontally 
braced at the middle. The two outer legs are slightly inclined. 
The center pieces of these legs may be extended upward to form 
hand-rail supports. This trestle 1s suitable for heavy loads and 
high hfts, up to 25 feet. For low lfts and light traffic it is not as 
suitable as Figs. 1 and 2, since it requires more material and more 
time to construct. This excellent type was devised by First Seregt. 
Geo. 8. Martin, Company H, Second Battalion of Engineers, at the 
writer’s suggestion. 

Fig. 5. This trestle is a modification of the last, designed for 
use in a spar bridge. Its construction is shown by the illustration. 
It may have two or more legs, each composed of two pieces. The 
lower angle between the spars when set in the bridge should be 
oreater than 90 degrees, because if it is less there is a tendency to 
push the transom piece off the legs which support it. The road- 
way bearer is a bundle of several stalks of bamboo. <A bridge of 
this type is suitable for light traffic only. As already mentioned, 
it should never be used where an ordinary trestle bridge is prac- 
ticable. 

The trestles heretofore described are utilized in the same manner 
as equivalent timber trestles. The balk are made of bundles of from 
three to five bamboos, four pieces being generally the best. They 
are securely lashed together at the ends and at several intermediate 
points, to make them act to some extent together, like the faggots m 
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Fig. 10 (upper}. Same trestle as described on page 596 and illustrated in Fig. 8 of litho- 
graph. Fig. 11 (lower). Nearly same as Fig. 10, except there are only three pieces of 
bamboo in each trestle leg. 
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the fable. The number of balk depends on the span. Ordinarily 
five are sufficient for loaded escort wagons. The roadway is made 
of bamboo poles, brush and earth, in the usual manner (Fig. 6) or 
of the wattling described hereinafter. There should be longitudinal 
bracing between trestles in each bent to prevent racking. The 
greater the height of the trestles the more elaborate should be this 
bracing (Fig. 6). 

As to the length of span, the usual economic principles apply. A 
span of 12 to 15 feet was adopted in these experiments. As balk 
are easier to construct than trestles 1t may at times be economical to 
decrease the number of trestles by increasing the span, not to ex- 
eeed 20 feet, using larger balk or more of them. 

The wattling shown in Fig. 4 was constructed for use as flooring. 
It is made by splitting the stalks of bamboo into two or three pieces 
and weaving together, as shown. The pieces running across the 
roadway are placed close together, the longitudinal binders farther 
apart, and the whole secured with wire. The convex side of the 
fiber is laid upwards. This floor can he woven very quickly, and is 
quite suitable for light traffic. If doubled, or laid on six balk (on a 
10-foot roadway) it will carry loaded wagons. If subjected to 
heavy traffic for any considerable time it should be covered with 
grass and earth. This wattling, being very light, can be easily 
carried from place to place in wagons, and if prepared in ad- 
vance its use considerably reduces the time required to construct a 
bridge. A wattling of this form is also very useful as a revetment. 


TESTS OF TRESTLES AND BALK, 


Two trestles of the types shown in Figs. 1 and 2 were tested up to 
9,000 pounds each. One of them endured the test without any signs 
of failure. In the other the cap, being made of a weak piece, crush- 
ed and collapsed. The failure of the cap was so gradual that the 
men forming the test load had time to leave the bridge. A trestle 
on the design shown in Fig. 6 was tested up to 6,000 pounds, which 
was all that could conveniently be put upon it. Under this load it — 
showed no signs of weakness. The height of this trestle was 21 
feet. Two balk, consisting of three stalks each, were tested on a span 
of 20 feet. They failed under a load of 1,200 pounds (600 pounds 
each). The average diameter of all the stalks was 2.85 inches and the 
average thickness of the fiber, 8g inch. Two balk, consisting of four 
stalks each, were tested on a span of 12 feet. They failed under a 
load of 5,250 pounds. The average diameter of the sticks was 3.379 


« 
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Fig. 12 (upper). Showing flooring system, using both ordinary bamboo poles 
and wattling made of bamboo. Both to be covered with earth, straw, ete. 

Fig. 13 (lower). Shows simple bamboo trestle and balk made of 4 bamboos 
each. 
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inches and the average thickness of the fiber 44 inch. Of the test 
loads referred to, the first (1,200 pounds) was coneentrated at the 
center of the two balk, whereas the other load (5,250 pounds) was 
uniformly distributed. The wattling was tested by being covered 
with men placed as closely together as possible, which test it en- 
dured without damage. 


REMARKS. 


Lashings may be of rope, vegetable fiber, wire, or other suitable 
material which may be available. Wire is the best, but great care 
must be exercised to insure tight lashings, and frapping turns should. 
be used wherever possible. Pins should be set snug, but not tight, 
and if a pin is used near the end of a piece there should be a turn 
or two of wire between the pin and the end to prevent splitting. 
If the upper end of the leg be cut so as to fall exactly at a joint, a 
better bearing for the cap is afforded. The diaphragms at each 
joint divide the bamboo into a number of water-tight compartments. 
If the trestles are placed in water these diaphragms should be punch- 
ed out with an iron rod, or a hole cut into each compartment. 
Otherwise the buoyancy of the trestle will make it difficult to place. 

The trestles shown in Figs. 3 and 6 edn, with reasonable eare, be 
made strong enough to safely carry the heaviest traffic. The prin- 
cipal weakness developed by the lighter trestles (Figs. 1 and 2) was 
the crushing of the single caps or sills. The crushing of the sill is 
not apt to be serious. The crushing of the cap may be prevented 
in a number of ways, as follows: | 

a. By using a timber scantling set on edge, or a piece of round 
hardwood for the cap. The length of the cap need never be more 
than 10 feet, and timber of this length can often be found when the 
greater lengths required for the trestle and balk might not be avail- 
able. 

b. By using five legs in the trestle, and setting the balk exactly 
over the legs, so that no strain is brought upon the eap. 

c. By selecting for the cap a seasoned piece of bamboo from near 
the butt of a stalk, where the fiber is thick. 

d. By using for the cap a fascine of split bamboo. 

e. By introducing bearing pieces of thick bamboo between the 
cap and the ends of the legs. 

f. By a combination of two or more of the above methods. 

These trestles are so easily constructed that if built carefully 
they will usually meet all requirements, making it unnecessary to 
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resort to the heavier forms. When the men have had some experi- 
ence in the work they can construct one of these trestles in about the 
same time that would be required to construct a timber trestle of 
equal size. The bamboo can be cut and handled more rapidly than 
timber, but the lashings are more elaborate and require more care. 

The tools required to construct one of these trestles are: hand- 
axes, hand-saws, gabion knives, machetes, axes, wire cutting pliers. 
No. 14, A. W. G. is the most suitable size of wire. 


STRENGTH TESTS. 


Twenty small beams of bamboo were tested for transverse 
strength. The average fiber stress at the instant of failure was: 


Seasoned bamboo, 17,000 pounds per square inch. 
Green bamboo, 16,000 pounds per square inch. 


The highest recorded test was 24,000 pounds and the lowest 10,000 
pounds. Most of the specimens were quite near the average. Rupture 
was always preceded by a considerable deflection. The specimens 
were tested bark up and bark down, there being no difference of 
strength observable. 

A number of specimens were tested for tensile strength by direct 
pull. The specimens were cut to a shape similar to a cement 
briquette, having a carefully measured minimum section. An as- 
tonishing strength was developed, as follows: 

Seasoned bamboo, average tensile strength, 29,000 pounds per square inch 

Green bamboo, average tensile strength, 23,000 pounds per square inch. 

The highest recorded test was 34,000 pounds and the lowest 21,000 
pounds. The fiber near the outside of the tree was found to be some- 
what stronger than that near the center. The minimum cross sec- 
tion of the pieces tested was 14 inch square. 

The test pieces for the compressive tests were 14 inch to 3-16 
inch square in cross section, and 14 inch high. The average strength 
in compression between two iron plates was as follows: 


Seasoned bamboo, average compressive strength, 8,800 pounds per square inch. 
Green bamboo, average compressive strength, 7,000 pounds per square inch. 


As has already been noted, failure resulted from splitting of the 
fiber as well as direct compression. It is quite probable that speci- 
mens having a greater cross section would have developed a higher 
compressive strength. It is to be noted that the transverse fiber 
stress was computed by the formula for beams, P=My/I, in 
_ which y was assumed as half the depth of the beam, and M the bend- 
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ing moment of the known breaking load. The average depth (d) 
of the beams tested was 11-32 inch. The difference between the 
fiber stress resulting from the application of the formula, and the 
tensile stress as determined by actual tension, is accounted for by 
the considerable variation between the tensile and compressive 
streneths of the material. 

The following is the result of the tests of small columns. These 
had square ends and were tested between two iron plates. The 
first series of five were tested bare. The second series were wrap- 
ped at each end with marline. The first failed by crushing and split- 
ting at the ends, the last by buckling near the center. 














Dimensions of column. 
Kind of bamboo.| Breaking load. 
: Thickness of 
Length. Diameter. Bee 
Inches. Inches. Inches. Pounds. 
Ie 1 7s Seasoned: —<2om 1,280 
17+ 1°; ie Seasoned _____ 3,440 
18 13 tr Greene 52a 2,340 
124 1A 4 Green... aa 2,025 
13} ls 4 Half seasoned _ 2,220 
18 15 5 Half seasoned _ 2,430 
13$ 1} 4 Seasoned. =a 3,800 
138 1} pe Green So 3 ee 2 ) 780 
1s 1+ a5 Green 2 ees 3 ’ 480 
Ns) 1; fs Half seasoned _ 3, 110% 
15 1} 4 Seasoned = 2u3 2,360 
17+ 1% ?s Half seasoned _ 2,900 
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Fatlure of Coffer at Lock and Dam No. 48, 
Oia Biber 
Bry; 


Mats  CZOAKES 


Corps of Engineers; Member American Society 
Civil Engineers 


At about 7 a.m. Monday, July 21, 1913, there occurred a failure 
of the main cofferdam at lock and dam No. 48, Ohio River. (For 
description of the coffer, see PROFESSIONAL Memoirs, Corps of Engi- 
neers, U. S. Army, Vol. V, No. 20.) This coffer was built 20 feet 
above low water and at the time of failure the river stage was 12.4 
feet above low water, or elevation 337.5 (Sandy Hook datum), the 
water surface within the coffer was at elevation 316.5, the head 
being 21 feet. 

The failure occurred at the passway in the lower arm. ‘This pass- 
way was left to enable the contractor to pass floating plant in and 
out of the coffer at stages from 18 to 20 feet, and, as originally con- 
structed, was 41 feet wide with bottom 6 feet below top of coffer, 
the area being closed by needles, as shown on the illustration. 

After work had closed for the winter and the Government in- 
spector withdrawn, this passway was torn out to remove some 
floating plant, and without the knowledge of this office was _ re- 
built with the top 2 feet lower than before. The top of the coffer, 
therefore, at this passway was only 12 feet above low water, needles 
_ being used to close the opening when required. On the outside of 
the coffer was a line of Wakefield sheet piles 26 feet long, with 
tops of piles from 10 to 12 feet above low water. These sheet piles 
extended about 10 feet below the bottom of the coffer. Sand was 
banked against the coffer to the height of the tops of the sheet piles. 

In order to hold the banking against the coffer on the inside, the 
contractors had driven a line of sheet piles 60 or 65 feet away from 
the coffer with tops of piles at about low water elevation and fill 
had been placed sloping from the tops of these piles to the coffer 
at the elevation of the floor of the passway. This fill had been 
covered by gravel to prevent wash by seepage. 
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A small quantity of water, probably 1 cubic foot per second, has 
always collected behind the passway and flowed as a little stream 
into the excavated area, but as there were many of these little 
streams, some of them Rete: than this one, no fear of failure 
because of this seepage had been felt. 

The Government inspectors lived on a quarterboat moored just 
below this passway and crossed the coffer constantly at this point, 
and no inerease in the amount of seepage nor any movement otf 
sand had been noticed. 

The excavation was kept clear of water by three 15-inch cen- 
trifugal pumps on a pump boat, the latter resting on piles. The 
engineer of the pump boat noticed nothing unusual until 5.30 
a.m. July 21, when he found the pumps were not holding the water 
surface at 315.5. He then changed his governors, increasing the 
speed of the engines and finally cut out the governors entirely, al- 
lowing the engines to run full speed. In spite of this, the water 
surface inside rose to 316.5 at 6.80 a. m. Shortly after this the 
men coming to work noticed a large leak near the passway; the 
alarm was given, and the pumps stopped at 6.45 a. m. At 7.01 a. m. 
there was evidently a blow-out, as the water was seen to suck down 
outside of the sheet piles; the sheet piles were lifted out, then the 
coffer lifted, and the break was completed. Before the inelosure 
was filled, about 250 feet of coffer had been washed away. 

Through the gap thus created there were drawn four loaded 
coal barges, a barge of lumber, and one of round piles. The coal 


barges were rolled over and over, and were a total wreck, the pile 


barge was broken up, and the lumber barge was injured, but can be 
recovered and repaired. The pump boat was thrown off its pile 
foundation and somewhat injured and four pile drivers were 


submerged and probably injured to some extent, the amount of 


injury being unknown 


The contractor was about ready to place conerete for the river 
wall. The excavation was completed, all round piles and most of 


the sheet piles were driven and tracks on piles for derricks, ears, 
ete., were completed. A large amount of sand has been carried 


into the excavation, coal has been dumped about the heads of the 
piles and undoubtedly some of the tracks have been injured. It is 


estimated that the immediate money loss to the contractor will 
amount to between $10,000 and $15,000, but the accident may 
cause a much greater loss due to the delay, which is estimated at 


a month or six weeks, which may prevent the completion of the 
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work inside the coffer this season and make necessary the unwater- 
ing again next year. It is hoped, however, that further investiga- 
tion when the river falls will show less damage than is anticipated. 

Several causes of the failure can be suggested, and it is probable 
that they all had a bearing; their relative importance, however, can 
only be guessed at. These probable causes are: (a) The weight of 
the passway coffer was probably about 1,000 pounds per square 
foot less than it would have been if it had been built to full 
height; (b) in rebuilding the passway, good connection between the 
old and new sheet piles and the sheeting of the coffer may not have 
been obtained; (¢) the material used for filling the passway coffer 
when rebuilt may have contained a large proportion of silt as the 
silt deposit in the coffer during the winter was very heavy; (d) the 
seepage probably gradually increased with the increasing head 
until, during the night, the lttle stream began to carry out sand 
from beneath the-coffer and it also probably cut down into the inside 
banking until the limiting plane of saturation was reached when 
the blow-out occurred. 

It is certain that there was a considerable increase of flow during 
the night from this and probably other seepage streams, and that 
at 6.30 a. m. there was a bad leak under the passway, and when the 
blowout took place the whole mass became suddenly fluid and lifted 
the sheet piles and the coffer. 


®General George Brinton MeClellan 


Major-General George Brinton MeClellan was born in Phila- 
delphia, December 3, 1826. His father was a bold and successful 
surgeon and founder of the Jefferson Medical College in Phila- 
delphia, in which he became professor of surgery and a popular 
lecturer. 

George Brinton McClellan entered the Military Academy in 1842 
at the age of sixteen and graduated No. 2 in his class in 1846. He 
was assigned to the Corps of Engineers and immediately ordered to 
Mexico, where he served as a lieutenant of Engineers under General 
Seott. For his work at Contreras and Cherubusco he was brevetted 
first heutenant and later, for gallantry at Chapultepec, he was 
brevetted captain. Following the Mexican War he was detailed 
as assistant instructor at West Point and later employed in explora- 
tions and surveys in the southwestern part of the United States 
and on Pacific Railroad surveys in the northwest. In 1854 he was 
promoted to captain of Cavalry, and was later one of three officers 
chosen to study the war in the Crimea and to report on European 
armies. His report ‘‘On the Armies of Europe’’ was published in 
1861, although he had resigned his commission in 1857 to become 
ehief engineer and later vice-president of the [Illinois Central Rail- 
road, which positions he held until 1860. Following this he became 
General Superintendent of the Mississippi and Ohio Railroad and, 
at about the time of the breaking out of the Civil War, he was made 
president of the eastern branch of that road. 

Throughout all his life General McClellan had the greatest ca- 
pacity for making strong friends, so that it was only natural he 
should be well known in Ohio when the war broke out and that he 
should be made a major-general of militia by the Governor of Ohio. 
Ohio was then, as now, one of the great states in the Union, and 
what she did was noticed by the Government at Washington. Be- 
sides this General Scott, who commanded the Union forces at the 
breaking out of the Civil War, looked upon McClellan with a great 
deal of favor. Accordingly, on May 14, 1861, he was made a 
major-general in the United States Army and put in command of 
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the Department of the Ohio; shortly after this in a brief, but very © ; 
fortunate campaign, the troops under General McClellan drove the , 
Confederates in western Virginia across the mountains, thereby 
laying the foundation for the present State of West Virginia (ad- 
mitted to the Union in 1863). While this short campaign involved 
but very small forces and resulted in only slight losses on either 
side, yet, coming as it did just prior to the disastrous defeat of the 
Union forces at Bull Run, it made General McClellan the foremost 
military figure in the United States. It is of interest.at this point 
to recall that, while General McClellan was assigned to the Corps 
of Engineers upon graduation and served in that Corps until 1854, 
he was in the latter year promoted to be a captain of Cavalry. 
In the following year he designed the saddle that is still the stand- 
ard in the service of the United States. Considering his wide and 
varied training, his study of Kuropean armies and the War of the 
Crimea, together with his brilliant personality, it is not surprising 
that following the defeat at Bull Run he was hailed as the ‘‘ Little 
Napoleon’’ who should speedily crush the revolt of the Southern 
States. 

Late in July of 1861 he arrived in Washington and was placed in 
command of the Union forces that had been engaged in the Battle 
of Bull Run, together with all others that had arrived in the 
National Capital after that date. In November General Scott, at 
his own request, was retired from the position of General-in-Chief 
and General McClellan appointed thereto. It is worthy of remark 
that at this time General McClellan was only thirty-four years old, 
being three years younger than Gen. Thomas J. (Stonewall) Jack- 
son, who graduated seventeen in the same class in which General 
MeClellan graduated number two. 

There is not space and it is not considered desirable to attempt 
here to enter into any detailed account of General MeClellan’s 
services to the Union during the Civil War. In fact, General Me- _ 
Clellan’s portrait has been chosen as a frontispiece for the present 
number of the PROFESSIONAL Memoirs for the reason that he was — 
an Engineer officer and that the Battle of Antietam was fought 
September 17 and 18, 1862, just fifty-one years ago this month. 
General McClellan has been one of the most harshly criticised of the 
generals of the Civil War but, unlike some others who have shared 
a nearly similar fate in that regard, he has also been widely herald- 
ed as one of the greatest, if not the greatest, general of that war. 
Somewhere between these two extremes lies the proper value of his © 
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services. It seems, however, to be conceded by most crities to-day 
that his fame rests most securely on his ability as an organizer. The 
forces in and around Washington were in a very bad state of 
disorganization and demoralization when he took charge; in a few 
months he so thoroughly organized what was afterward known as 
the Army of the Potomac that, notwithstanding numerous defeats, 
it was never disorganized and finally formed the greater part of 
the army that under Grant foreed the surrender of Lee at Appomat- 
tox. 

Perhaps one of the greatest mistakes that General McClellan 
made when he was sent to Washington was to establish his head- 
quarters in that city and not with the troops he commanded, the 
latter being stationed a few miles away in the vicinity of Alex- 
andria, Va. Having the most genial and lovable personality, he 
was the social hon of Washington and the one man on whom more 
pubheity probably was showered than on the President himself. 

By early fall in 1861, McClellan had an army of about one hun- 
dred thousand men fairly well equipped and probably as thorough- 
ly organized as was possible, considering the time available. In 
this work of drilling he had the assistance of many of the ablest 
officers of the Army, including Gen. William Tecumseh Sherman, 
who lived on the ground with the troops and worked incessantly to 
train himself as well as the men under him. 

At this time, just as before the Battle of Bull Run, the public 
began to clamor for a forward movement against the Confederates, 
who were being recruited and drilled in Virginia not many miles 
away from the Union Army. Not only did General McClellan fail 
to yield to this desire of the country, but, as the demand for an 
advance became more imperative, he apparently became more op- 
posed until winter finally set in in earnest, making the roads 
impassable and rendering impossible any forward movement until 
the following spring. 

For the first few weeks after assuming command of the forces 
in and about Washington, General McClellan was all elation and 
highly pleased with everything and everybody; later, he began com- 
plaining of the inadequacy of the number of troops and supplies 
furnished him, at the same time greatly overestimating the strength 
of the enemy. LEarly in April in 1862, in accordance with his plan, 
the Army was transported to Fortress Monroe on the peninsula 
between the James and York rivers. Here he allowed a compara- 
lively small force to hold his entire army for nearly three weeks 
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while the Southern forces were busy concentrating their own forces 
and preparing to resist his advance on Richmond. Then followed 
his slow advance and finally the shifting of his base of supples 
from White House Landing on the Pamunkey River to the James 
River. This latter was really a brilliant feat and one can not help 
thinking that had he used the same daring in devising and pushing 
offensive campaigns against the enemy, he would have proven to be 
what some of his enthusiastic admirers claim for him, the greatest 
general of the Civil War. 

MeClellan and his army remained inactive near Harrisons Land- 
ing on the James River for six weeks or until the middle of August, 
when its removal to Washington was begun. It arrived at the latter 
place during the final stages of the Battle of Manassas or Second 
Bull Run, when the Union Army under Pope was badly defeated. 
Pope was at once relieved by McClellan, who was put in charge of 
all the troops in the vicinity of Washington. 

This was September 2d, just two weeks before the Battle of 
Antietam, where Lee’s army was so badly cut up by McClellan that 
it was forced to retreat twenty-four hours after the close of the 
battle. | 

This was the first great battle in the eastern theater of the war 
where the Union forces were able to drive the Confederates from 
the field. The victory was most opportune and had consequences 
only a little, if indeed any, less important than the victory of Meade 
a year later at Gettysburg. It stopped the invasion of the Northern 
States by Lee; it checked the sentiment growing in Europe for the 
recognition of the Southern Confederacy and gave President Lin- 
coln an opportunity to promulgate his famous emancipation procla- 
mation. 

And yet, while giving Gen. McClellan due credit for the victory, 
the feeling remains that had he moved with celerity and prompt- 
ness when he learned that Lee had divided his forees he could 
have fallen upon those divided forees in detail and have won a de- 
cisive victory. After the battle MeClellan’s pursuit was slow and 
cautious and, while he maneuvered so as to get his army into a 
very favorable position in Virginia and to slowly drive Lee back, 
his work was not satisfactory to the Government at Washington and 
he was relieved on November 7. | 

Upon his relief from the command of the Army he was ordered to 
Trenton, N. J., and took no further part in the war. He remained 
in and around New York awaiting orders until November 8, 1864, 
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on which date he was defeated for the Presidency and his resigna- 
tion from the Army accepted. Immediately after his defeat he 
sailed for Europe, where he remained until 1868, when he returned 
and took charge of the construction of what was known as the 
Stevens steam floating battery at Hoboken, N. J. In 1870 he was 
appointed Chief Engineer of the Department of Docks of New 
York City, but resigned the position in 1872. In 1878 he was 
elected Governor of New Jersey, but declined a renomination when 
his term expired in 1881. During his term as Governor he took an 
active interest in many subjects, including education and the State 
militia. In 1881, pursuant to an act of Congress, he was appointed 
a member of the Board of Managers of the National Home for Dis- 
abled Soldiers and continued in that position until his death, which 
occurred very suddenly at his home in Orange, N. J., October 29, 
1885. 

In addition to the above, he served as consulting engineer on 
many large engineering works between 1868 and the date of his 
death. 

In studying MeClellan’s life and history certain qualities of 
mind and spirit stand out in bold relief above all the fog of con- 
troversy. In the first place he was not only brilliant intellectually 
and popular with the general public as heretofore mentioned, but 
he had a wonderful capacity for gaining the enduring affection of 
the troops serving under him. Notwithstanding his failure to 
follow up his victories or to inflict a severe defeat upon the enemy, 
he was unquestionably the best loved officer that ever served with 
the Army of the Potomac, and many readers of the Memoirs will 
probably remember that in one of the interviews with veterans at 
the recent reunion at Gettysburg, one stated that during the early 
part of the Battle of Gettysburg a rumor became current that 
McClellan was again in command of the Army and that this rumor 
inspired the greatest possible confidence among the men. 

This quality and his ability as an organizer are agreed to to-day 
by all sides to the controversy over his ability as a general. Indeed, 
it is admitted as doubtful if any other man could have so organized 
the Army of the Potomae as to enable it to keep its morale and 
fighting spirit through the many reverses it suffered between the 
spring of 1862 and the surrender of Lee in 1865. 

His principal fault would appear to have been that he never 
learned what Grant says he learned in some of his first skirmishes 
with the enemy; that is, that if he were having difficulties with 
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supplies and transportation, the enemy was probably having equal or 
ereater difficulties, and that if he (Grant) were afraid of the enemy 
the enemy was probably equally afraid of him and that the one 
who put on the boldest front and struck first and hardest would, in 
all probability, win. 

Finally, whatever theoretical conclusions may be arrived at as 
to his ultimate abilities as a great commander in the field, the fact 
remains that within a few months after his relief from command 
the Army of the Potomac suffered two bloody and disastrous de- 
feats; first at Fredericksburg and then at Chaneellorsville. No 
injuries comparable with these two were ever inflicted upon the 
Army under MecClellan’s command and in all probability the 
Union forces would have been in far better condition for the great 
Battle of Gettysburg in 1863 had McClellan continued in command. 
Indeed, as Palfrey says in his book on the Antietam and Fredericks- 
burg campaigns, ‘‘There are strong grounds for believing that he 
(McClellan) was the best commander the Army of the Potomae ever 
had.’’—a. A. F. 
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Che Colbert Shoals Canal, Cennessee River Alabama 
BY 


Maj. H. BURGESS 


Corps of Engineers; Member American Society 
Civil Engineers 


INTRODUCTORY. 


It was the intention of the writer when beginning the preparation 
of an article on the Colbert Shoals Canal to give only a brief de- 
scription of the development of the plans for the canal and then to 
20 fully into methods of construction and types and arrangement of 
plant, and to give such other detailed information as might be of 
interest in connection with an important engineering work of this 
character, including unit costs for the different classes of work. 
Study of office records has resulted, however, in increasing the im- 
portance of that part of the article treating of the development of 
the final plans and in minimizing the importance of the other sub- 
jects mentioned above. The construction of the canal extended 
over a period of twenty years—from the beginning of work on the 
lift lock in the fall of 1891 to the completion of the canal in De- 
cember, 1911. Later on in this article there is a list of appropria- 
tions made for this improvement, with the date of each appropria- 
tion. From this list it will be noted that in the earlier history of 
the work the appropriations were small and far apart, which ex- 
plains the unusual length of time consumed in the prosecution of 
the work. However, the long duration of the work, coupled with 
many changes in personnel, operated to give excellent opportunity 
for full study of the details of the plans in the hght of additional 
data obtained during the progress of the work, and also made 
possible changes in those plans where later information indicated 
that changes were desirable. Had Congress provided funds in the 
beginning in keeping with the magnitude of the work, the progress 
toward completion would have been too rapid to permit the studies 
necessary for making the plans conform to the additional informa- 
tion of hydraulic conditions obtained from time to time, in which 
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event the project for the improvement of the Colbert Shoals section 
of the Tennessee River would not have met with the changes which 
it has in fact undergone. The numerous changes in plans have 
caused some adverse comment, but a careful study of the volumi- 
nous papers containing the discussions which preceded the changes 
leads the writer to the conclusion that each of them came as a 
logical result of the consideration of the further data obtained, and 
that each of the changes was in the interest of greater ease of 
navigation, of safer structures, or of economy of construction. 
That this is a fact does not, however, argue for slowness in making 
appropriations for engineering works in order to allow additional 
time for detailed study and changes of plan, for even in this case the 
slow manner in which the money has been supplied has caused 
the improvement to cost more than it would have cost if it had 
been rapidly pushed to completion. Moreover, the delay of four- 
teen or fifteen years in making this improvement available for 
boats has caused more injury to navigation than can be offset by 
the moderate benefits resulting from its being completed according 
to a plan somewhat better than the original. 

For the above reasons it is believed that a full discussion of the 
various modifications of the project and the objects expected to be 
attained thereby will prove more interesting and instructive than 
would the limited and incomplete discussions of methods of con- 
struction, plant lay-out, and unit costs, possible to be extracted 
from the incomplete office records. The lterature on the subject 
of the plans for the canal and the changes therein is nearly com- 
plete, but there is very little information on file as to construction 
methods or as to costs. Furthermore, because of the long period 
in which the work was under way, many of the assistants connected 
with the work have left the service or have died, so that little in- 
formation is obtainable from that usually available source. Con- 
sequently, this paper is of necessity confined rather to the develop- 
ment of the final plans of the work than to methods of construction, 
description of plant, and details of cost. 


DESCRIPTIVE. 


Colbert and Bee Tree shoals, which may be considered as forming 
one continuous obstacle to navigation, extend from a point 21.4 
miles below Florence, Ala., to Riverton, Ala., a distance of 8.6 
miles; and there is in this 8.6 miles a total fall at low water of 
about 26 feet. The Colbert Shoal is 4.2 miles in length, with a total 
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fall of 14.5 feet and with a maximum slope of 3.15 feet per mile. 
The pool between the two shoals is 1.95 miles long and has a total 
fall of 0.8 foot. Bee Tree Shoal is 2.45 miles long, and has a total 
fall at low water of 10 feet and a maximum slope of 4.85 feet per 
mile. 

The minimum depth in the channel over the shoals at ‘‘ordinary”’ 
iow water is about 30 inches, with rock bottom; but at ‘‘extreme’’ 
low water the minimum channel depth is not more than 14 or 15 
inches. The channel has less than 5 feet depth for about three- 
fourths of the total length of the shoal section. At all times except 
during high water the current is so swift as to materially interfere 
with navigation, even when there is sufficient depth in the channel. 

renerally, it may be said that boats of 6-foot draft can safely go 
dcwn over the shoals when the Riverton gage* reads 16.0 feet or 
over; that up-bound boats of 6-foot draft may pass the shoals when 
this gage reads 17.5 feet or over; and that boats of 3-foot draft 
can pass down at a reading of 6.0 feet. From the table printed 
herein the navigable season can be ascertained for each year of 





*There have been three Riverton gages: That of 1890 had zero 359.92 above 
sea level, or 10 feet above ‘‘canal datum.’’ This gage was formerly designated 
as ‘‘gage No. 4’’ and is frequently referred to in this article by that designa- 
tion. A new gage was established on November 1, 1904, about 2,000. feet 
upstream from gage No. 4, with zero 357.92 above sea level, or 8.0 feet ‘‘ canal 
datum.’’ In the table it is the 1904 gage which is referred to, and throughout 
this article where any reference is made to ‘‘Riverton gage’’ the 1904 gage is 
meant. On October 1, 1908, readings began to be made on the present gage, 
which is cut on the lower approach wall of the lock and is in elose proximity. 
to the 1904 gage. The zero of the present gage is at sea level reference 
351.42, and at ‘‘ecanal datum’’ reference 1.5, being 0.25 foot above top of the 
lower miter sill. 

Three other gages have been maintained on the shoal section and are men- 
tioned occasionally in this article. Gage No. 1 was at the head of the Colbert 
Shoals, about 100 feet above the head of the canal, and had zero at 34.02 on 
‘‘eanal datum;’’ gage No. 2 was near Boones Branch and had zero 20.55 feet 
above ‘‘canal datum;’’ and gage No. 3 near the head of Bee Tree Island, 
with zero at 19.3 ‘‘canal datuim.’’ 

‘*Canal datum’’ 
work and since determined to have sea level elevation of 349.92, M. R.C. de- 
termination from the Gulf. Throughout this article references, where not 
otherwise stated, are given as to ‘‘canal datum.”’’ 

Relation of ‘‘canal datum’’ to water surfaces in the river and canal are as 
follows: Assumed low water elevation at head of canal, 33.5; actual extreme 
low water elevation, 33.92; assumed low water elevation at foot of canal, 8.0; 
actual extreme low water elevation, 7.5; extreme high water at head, 64.0, and 
at foot, 60.3. 


refers to a plane assumed as datum at the beginning of the 
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the record. This table shows that 3-foot draft can be carried down- 
stream on the average of only about six and one-half months per 
year, and that upbound 6-foot draft can be carried past the shoals 
for only about one and one-half months per year. It is very likely 
that careful pilotage and well-powered boats might increase the 
periods stated for the different drafts, but not to any considerable 
extent. 

In Plate I there is given a map of the shoals, from which it may 
be noted that the widths of the river in the shoal section are from 
2,000 to 4,000 feet, while just below the width is not more than 1,300 
feet. Even this latter figure is somewhat greater than the average 
width, which is about 1,000 feet, for the 226 miles between Riverton 
and the mouth of the Tennessee. The map shows the four islands 
(Colbert, Brush Creek, Bee Tree, and Waterloo) which, with the 
smaller islands and towheads, divide the river into several channels 
or chutes. While a much fuller description might be given of this 
shoal section, 1t is perhaps sufficient to add that these shoals in their 
natural condition constituted the most serious obstruction to navi- 
gation in the 255 miles of river below the foot of the Muscle Shoals 
section, and formed an almost complete barrier to upbound naviga- 
tion for about five and one-half months per year. However, this 
obstruction was not as complete a one as that at the Muscle Shoals 
section, which was at all times impassable except for small skiffs. 


The surveys of these shoals included discharge observations, made 
at various times and at different river stages—in 1890 by F. L. 
Baron and B. 8. Smith, in 1894 by 8. W. Brown, in 1899 by G. T. 
Nelles, and in 1909 by C. A. Turrell. From the data obtained 
from these measurements there was prepared a discharge curve, 
which is reproduced in Plate II. Because of the hmited number 
of observations at extreme high and extreme low water, the curve 
is not much more than an approximation at its upper and lower 
limits, but 1s probably nearly correct for intermediate points. The 
curve indicates that at the lowest recorded Riverton gage reading 
of —0.5 the discharge was approximately 7,500 second-feet, and 
at the highest recorded gage reading of 52.3 the discharge was 
about 495,000 second-feet. This lowest reading of —0.5 occurred 
in October, 1904, while the maximum gage reading was in March, 
1897. The watershed of the Tennessee River above Riverton is 
approximately 30,850 square miles, with an average annual rain- 
fall of about 48 inches. (For details of methods used in making 
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discharge observations, see Report of the Chief of Engineers for 
1899, pages 2277 to 2286. ) 


IMPROVEMENT BY REGULATION. 


Some work was done toward improving these shoals under a 
small appropriation made in 1827, but no record is available which 
gives either the amount of the expenditures or the nature and extent 
of the work done. In 1868, 1869, and 1870 there were made from 
the appropriations for the improvement of the Tennessee River 
allotments aggregating $30,000 for the purpose of improving Colbert 
and Bee Tree shoals ‘‘ with a view to obtaining a 3-foot low water 
depth in channel.’’ Unfortunately, the records are quite incom- 
plete as to this earler work of improving conditions at these shoals, 
but it is known that contracts were let and work was begun on the 
project for obtaining a 3-foot channel depth. The plans for this 
improvement can not be found, but it is apparent from such maps 
as are at hand that the increase of depth was to be obtained pri- 
marily by works of contraction aided by rock excavation. The ex- 
tent of the work assumed to be necessary when the work was be- 
oun can not be stated, but it is very likely that the contraction works 
(see Pl. I) as actually constructed represent about what was planned 
for the purpose of contracting the channel. The various references 
in old reports to rock excavation indicate that this item of the im- 
provement was not of any considerable extent, but no figures can 
be given as to quantities. It seems, however, that the bulk of the 
rock for dikes had to be obtained from quarries. The works shown 
on the map as having been constructed for the purpose of con- 
tracting the channel are (1) a closing dike connecting the head of 
Colbert Island with the left bank of the river; (2) a longitudinal 
training dike, running downstream from Colbert Island; (3) a 
closing dike connecting the head of Brush Creek Island with the 
left bank of the river; (4) a spur dike projecting toward the chan- 
nel from the head of Brush Creek Island; and (5) a spur dike run- 
ning diagonally out from the foot of Bee Tree Island toward the 
right bank. These works contracted the channel on Colbert Shoals 
to approximately one-third of its original width, and on Bee Tree 
Shoals to approximately two-fifths of the former width. In the 
report of the district officer for 1873, it was stated that it might 
possibly be necessary to construct a spur dike from the right bank 
out to the ‘‘Rock Bar’’ (probably about 2,000 feet above Brush 
Creek Island) or in that vicinity, but this was never done. 
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While, as stated above, the office records are quite incomplete as 
to details and progress of the work of improvement by regulation, 
there are a number of statements scattered through the annual re- 
ports which are of interest in connection with the improvement cf 
these shoals by regulation and the results secured thereby. 

Work under the contracts was prosecuted very slowly and, 
finally, after several extensions of the contracts, they were termi- 
nated in 1872, after which the work was prosecuted by the hired 
labor method. In the 1873 report the district officer calls attention 
to the very satisfactory results obtained by the hired labor method 
and states, ‘‘ while the work is better done in every respect, and is 
done promptly, and with no loss of time; while the workmen receive 
the best wages given in this region, are rationed, and work but 
eight hours a day, they have actually done more work per day than 
the contractors ever accomplished, and have done it on the average 
at much lower rates, both in the removal of rock from the channels 
and in the construction of dams.’’ Again, in 1874, is the following : 
‘Nowhere on the river has the difference between the work done by 
hired labor and that done under contract been more conspicuous 
than here. While the dams built under the former system are 
regular, solid and tight, those built under the latter system are 
crooked, loose, and weak, and must without exception be rebuilt.’” 
This latter statement seems to have been correct, as there are several 
mentions in later reports of damage to the contract dams and none 
of damage to those built by hired labor. Apparently, in the years 
following 1873 all of the old contract dams were either rebuilt or 
extensively repaired and strengthened. The 1874 report continues: 
‘‘The proper construction of these dams, in the first instanee, which 
could have been secured by the employment of hired labor, would 
have resulted in a saving of all it will cost now to put them in order, 
which will probably amount te one-half their original cost.’ 

Before the end of the fiscal year 1874 all of the rock excavation 
and the dike construction contemplated when the contracts were 
let had been completed, and after that time it appears that the 
dikes were not extended nor were any new ones constructed, al- 
though considerable work was done from time to time in the repair 
of the old contract dikes. Occasionally afterwards there were ex- 
cavated small quantities of rock from places where experience show- 
ed that the available depth in the channel could be used with much 
greater safety to navigation if projecting points or lumps were re- 
moved. After the year 1874 the allotments for the improvement of 
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these shoals were infrequent and of small size, until the canal pro- 
ject was taken up by Congress in 1890. 

As to results obtained, it is stated in the report of 1873 that, even 
before the dike from the left bank to Colbert Island was begun 
there was a 2-foot depth in the channel, and to obtain a 3-foot depth. 
at the lowest stage of water it might be necessary not only to con- 
struct this dike, but another to connect the ‘‘Rock Bar’’ with the. 
right bank. In the next annual report is the statement that the- 
“Rock Bar’’ is the most difficult place on the shoals. This report 
also states that, although the whole amount of work had been com- 
pleted as originally planned, ‘‘the effect expected from it has not 
been attained because the lack of tightness in the contract-built 
dams allows the escape through them of the water which they were- 
designed to retain.’’ By 1878 these old dikes had been materially 
strengthened and tightened, and the district officer’s report con- 
tained the somewhat too roseate statement that the ‘‘general effect 
has been to increase by several inches the available depth of water,. 
and has reduced this obstruction to one of secondary importance, as. 
indicated by the fact that the pilots now complain of obstructions at. 
other points, whereas, until last season’s work was begun this 
was considered the most formidable obstacle to navigation below 
Florence. A small amount of work remains to be done, and when 
completed, this formidable obstruction will be as nearly overcome- 
as practicable without resorting to locks and dams.’’ This small 
amount of work was done, and the structures were all in good con-. 
dition when the district officer made his report on the 1887 survey 
of the shoals. In this report was the following reference to the- 
works of regulation: ‘*The means employed were those usual upon 
shoals of moderate fall, viz, channel excavation for the purpose of 
lowering and smoothing the bed of the channel, and narrowing it by” 
spur or wing dams. These efforts seem to have been carried suf-. 
ficiently far to prove that, when the fall is as great as in this case, 
a sufficient depth of water can only be gained in this manner by so 
contracting the channel as to give rise, during low stages of the: 
river, to. an insurmountable current. With the improvements now 
existing, the current is already objectionable, and yet at low water 
the available depth for several months does not exceed 14 inches. 

The report of October 28, 1888, of the board which considered 
_the several proposed plans for the radical improvement of Colbert. 
Shoals contained the following remarks in regard to the previous 
work done toward improving the navigability of this section : *‘ Work: 
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heretofore carried out for the improvement of Colbert and Bee 
Tree shoals has consisted in rock exeavation and the construction of 
stone dams for concentrating the water in the channel. This work 
has possibly resulted in a very slight deepening of the channel at 
low water, but owing to excessive slope and resulting current at 
low water and even ordinary stages, which current has been in- : 
creased by the work carried out, it is apparent that an improve- 
ment by this method which would furnish an easily navigated chan- 
nel at all stages, especially for tows, is impracticable at any reason- 
able expense. To give a proper depth and a practicable slope and 
current would necessitate the drawing down of the pools above, 
which latter result would probably develop new and serious ob- 
structions. <All that it appears practicable to gain by continuing 
this method of improvement will be a slight betterment of the 
channel for descending navigation. ’’ 

It must not be inferred, however, from these statements that the 
work done was not useful, nor that the expenditures were not wisely 
made in the interests of navigation. During the many years in 
which the energies of the Department and the appropriations by 
Congress were being concentrated on the improvement of the im- 
passable Muscle Shoals section, small amounts only were available 
for the improvement of the channels through Colbert and Bee Tree 
shoals, and it is very doubtful if the funds at hand could have been 
expended to better purpose than they were actually expended. 
No radical improvement was possible with the limited appropria- 
tions, and the best that could be done was to attempt to make con- 
ditions easier and less dangerous for such navigation as the depths 
in the channel made possible. Although greater benefit from the 
works of improvement was anticipated than was actually obtained, 
nevertheless it may be confidently stated that the work resulted in 
prolonging the season of navigation and in removing to a large 
extent the previously existing dangers during the thirty-six years 
from 1875, when the improvement was reported as completed, until 
the opening of the lateral canal to navigation on December 14,1911. 

The exact amount expended by the United States on the open- 
channel improvement of these shoals can not be ascertained, but the 
total expenditures on the Colbert Shoals section up to June 30, 
1890, were $62,343.41, including the cost of the surveys made in 
connection with studies for the location of a lateral canal. There — 
were at least two such surveys—one of the entire shoals section 
and the other of the site of the proposed canal—and these must 
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have cost at least $4,000 to $5,000. In. 1893 there was expended 
$1,903.53 in repairing the dams and in removing a dangerous rock 
obstruction from the channel. The total amount spent by the 
United States on the open-channel improvement and its mainten- 
ance was, therefore, probably approximately $60,000. No work, 
except that mentioned for 1893, has been done on the open-channel 
improvement of the shoals since the adoption in 1890 of the pro- 
ject for a lateral canal. <A recent examination by the local United 
States assistant of the contraction works shows that these stone 
dikes are still in fairly good condition, and that there has apparent- 
ly been no deterioration of the channel since the last work was done 
on the shoals in 1893. 


DEVELOPMENT OF THE PRESENT PROJECT. 


The Slack-water Plan. In 1887 the district officer in his annual 
report called attention to the approaching completion of the Muscle 
Shoals Canal, and recommended that the Colbert Shoals, the prin- 
cipal obstruction below the Muscle Shoals seetion, should be given 
consideration, and that the navigable depth for any improvement 
of the shoals should be fixed at 5 feet at low water, to correspond 
with the depth provided at the Muscle Shoals section. Following 
this recommendation, a survey was ordered and was made in 1887. 
In January of the following year, in a preliminary report, the 
district officer made a tentative recommendation for the improve- 
ment of the shoals by means of canalization. This plan was elabo- 
- rated in the final report of the district officer, dated February 25, 
1888, and provided for two locks and dams located as shown on 
Plate I; the upper lock being at the foot of Colbert Shoals and the 
other immediately below the Bee Tree Shoal. It was stated, how- 
ever, that a site for the upper lock and dam about 2 miles down- 
stream from the position shown would probably be found to be a 
better site, since it would permit the construction of a longer and 
lower dam than would be possible at the site first selected. It was 
proposed to give the lock chambers available dimensions of 60 by 
300 feet, and the lifts of the locks were to be 14.5 feet for the 
upper and 12 feet for the lower. The locks were to be built of 
masonry, with steel mitering gates, and the dams were designed to 
be rock-filled timber-crib type, with masonry abutments. The 
upper dam was to be about 1,700 feet long and 21 feet high, and the 
lower about 1,350 feet long and 19 feet high. The estimated 
cost as stated in the report was $923,175. Later examinations, 
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however, showed that the rock at the lock sites was at much lower 
elevations than was assumed when this estimate was made, and a 
considerable addition to this amount would doubtless have been 
necessary had there been prepared a complete new estimate. In 
addition to the unsatisfactory foundations at the lock sites, the 
district officer mentioned the objections to the slackwater plan due 
to the very high guard required for each of the locks in order to 
insure that the dams would be ‘‘drowned out’’ at the time of sub- 
mergence of lock walls and gates—a guard sufficiently great to 
make the tops of the walls higher than the banks of the river. In 
the annual report of 1889 the district officer stated that, although 
no additional survey had been made, a ‘‘further analysis of the 
subject indicates that the estimate then presented will prove suffi- 
cient to build the two locks and dams required to overcome the 
fall upon the two shoals. It is also found that, by putting in 
longitudinal instead of cross dams, and placing the locks in the side 
channel of the main river, not only will the cost of the whole be 
somewhat diminished, but much more satisfactory results will 
obtain, as this method will leave the main channel unobstructed and 
available at and above the medium stage. The reduction in cost 
is due to the fact that owing to the great discharge of the river in 
comparison to its cross section, fixed cross dams will require lock 
walls of excessive height to provide uninterrupted navigation dur- 
ing high stages of the river, while longitudinal dams, though neces- 
sarily of much greater length, will be of less height, and less ex- 
pensive construction.’’ <A further report by the same district 
officer in the latter part of 1889 was referred to a board of officers, 
which made its report in October, 1890. This report contained 
the statement that ‘‘the board has not given detailed consideration 
to any plan for cross dams and locks and a slackwater improvement, 
it being in their opinion inexpedient to interfere with the free and 
unobstructed navigation of the open river, which is practicable dur- 
ing a large portion of the year. If the slackwater improvement of 
the main channel of the river were decided practicable and ad- 
visable its cost would undoubtedly be much less than the cost of the 
proposed eanal.’’ This recommendation caused the laying aside of 
any further consideration of the proposed slackwater improvement, 
and work was soon after commenced on a lateral canal. In 1899, 
however, the slackwater scheme of improvement was again pro- 
posed, as will be explained hereafter. 

First Plans for a Lateral Canal. The report of the district officer 
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in December, 1889, contained a description of a plan for the con- 
struction of lateral canals in the bed of the river. This plan pro- 
vided for one canal at the Colbert Shoal, about, 3.5 miles long, 
formed in the back chute by connecting Brush Creek and Colbert 
islands by an embankment and constructing another embankment 
running upstream from the head of Colbert Island and parallel 
to the river bank. The lock was to be constructed near the left 
bank and at the foot of Brush, Creek Island, to which it was to be 


connected by a rock-filled timber-crib overfall dam. At Bee Tree ~ 


Shoals there was to be a second canal, 2 miles long, formed in the 
back chute by connecting Bee Tree and Waterloo islands by a longi- 
tudinal embankment 1,200 feet long,.and having a lock near the 
river bank connected to the lower end of Waterloo Island by an 
overfall dam of rock-filled timber-crib type. The locks were to be 
of masonry with the same available dimensions as those at the 
Muscle Shoals Canal, except that there was to be 6-foot depth on 
the miter sills at low water (instead of 5 feet as at Muscle Shoals). 
The loek at the Colbert section of the canal was to have a maximum 
hft of 14.2 feet, and that at the Bee Tree Canal was to have a lift 
of 11.3 feet. Estimates for the longitudinal walls of the canals 
were prepared for three types, viz, of masonry, of timber-crib 
structure and masonry superstructure, and of rock-filled timber- 
eribs; but the latter type was recommended by the district officer. 
The plans provided for channel excavation at the head of each sec- 
tion of the canal, and it was proposed to give these excavated chan- 
nels a width of 200 feet and an ordinary low water depth of 7 
feet. The crests of the canal embankments were to be at pool 
level, except that the 3,600 linear feet of dike just above the Colbert 
cross dam was to be 2 feet higher, the reason for this exception 
probably being to prevent a draw over the dam just above the 
entrance to the lock. The estimated cost of the proposed plan 
was $836,326.20. 

The board which considered this plan made certain important 
changes in it before comparing it with the plan finally selected for 
a canal to be exeavated in the river bank. The principal modi- 
fications suggested by the board were (1) the inerease in size of, 
lock chambers to 80 by 350 feet; (2) the increase in height of canal 
walls and embankments sufficiently to provide still water in the 
canal until the stage of the river at the head of Colbert Shoals 
reached 7 feet above low water, after which the canals and locks 


would be submerged and the boats would use the open river, the 
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shoals channel then being navigable; (3) the use of masonry and rip- 
rap for the longitudinal canal walls, instead of rock-filled timber- 
eribs (apparently including the utilization of part of the old longi- 
tudinal training dike as a canal wall; this old dike strengthened and 
enlarged probably being the ‘‘riprap’’ part of the canal embank- 
ment) ; (4) the change in the lifts of locks to 14.4 feet for the upper 
and 9.3 feet for the lower. Plate I shows the plan for two discon- 
nected canals in the bed of the river as modified by the board. The 
estimated cost, as stated by the board, was $2,750,000; but it was 
remarked, ‘‘in preparing this estimate it has been necessary to take 
into consideration the difficulties attending the carrying out of 
excavation and construction in the bed of a rapid river, subject to 
sudden and frequent rises. Could a constant low water season 
be depended on the estimate could be materially reduced.’’ 

The Adopted Plans for a Lateral Canal. Under the directions of 
the board there were prepared plans and estimates for a canal to 
be excavated in the low ground on the left bank of the river. This 
plan, which was recommended by the board and which subsequently 
received the approval of the Secretary of War and of Congress, 1s 
also shown on Plate I. As described in the board’s report, the 
canal was to ke ‘‘7.8 miles long and 150 feet wide, excavated 
through low ground at the foot of the bluffs south of the river and 
from 100 to 600 feet back of the left bank. Rock cutting is re- 
quired at the head and foot of the canal. The canal bottom is level 
throughout and 7 feet below ordinary low water. The banks, for 
the greater portion of the length, are formed by the natural soil 
and the excavated material, and are from 40 to 260 feet thick at 
top. For a distance of about 1 mile the canal passes around the 
foot of a projecting bluff and occupies a portion of the river bed, 
requiring an embankment on river bed about 30 feet high. The 
top of the earthen portion of the embankment is placed 1 foot above 
the highest authenticated flood, and the embankment in the river 
bed is above all recent floods. At the lower end of this canal is 
placed a combined lock with a total lift of 25 feet, and at the head 
is placed a guard lock for use, when found necessary, at very high 
water. The banks of this canal are protected by riprap. The 
canal is made available for use up to the highest stages, and will 
never be flooded.’’ The locks were to be of masonry, and were 
to have available dimensions of 80 by 350 feet. 

That part of the canal embankment lying within the bed of the 
river was to consist of two masonry walls 37 feet high, having each 


630 THE COLBERT SHOALS CANAL, TENNESSEE RIVER, ALABAMA 


a thickness of 9 feet at bottom and 3.5 feet at top, placed back 
to back, but separated by a space 3 feet wide, which space was to 
be filled with clay puddle. This wall would have been overflowed 
by such floods as that of 1882, and therefore the statement that 
‘‘the canal will never be flooded’’ is not correct. The side slopes 
of the canal were to be 1 on 114, with a 20-foot berm at about the 
natural level of the ground. The embankment was to be 1 foot 
above the 1882 high water, and was to have a minimum top width 
of 40 feet, with side slopes of 1 on 114, heavily covered with riprap. 
The other details of the canal, locks, etc., were not worked out by 
the board, but apparently were left to be designed by the district 
officer. The board placed the estimated cost of the canal at 
$2,500,000. 

The board made the following comparison of the relative merits 
of canals in the bed of the river with the canal in the low ground of 
the river bank: ‘‘The canals in the bed of the river, as compared 
with the shore canal, furnish, so long as in use, a wider and, for a 
long portion of length, a deeper channel, and they permit the taking 
advantage of the stretch of easily navigated river between Colbert 
and Bee Tree shoals. In other respects the canal on the shore seems 
to possess advantages over the river works. Its construction will be — 
carried on to a great extent on dry land, rather than in the bed of 
the river, with a rapid current and subject to sudden rises; the 
embankments being of greater thickness, with top above flood, and 
well back from the river, will be more secure and permanent than 
the walls and embankments of the, at times, submerged river canals; 
the location of the shore canal near the bluff and behind the high 
timber along the river bank provides for shelter from heavy winds, 
which winds would at times interfere materially with the naviga- 
tion of the excavated channels of 200 feet in the rocky bed of the 
river canals; and the height projected for locks and embankments 
provides for the possible use of the shore canal at any and all 
stages from the lowest to the highest, while in the case of the river 
canals the use of the open river over a stage above ordinary low 
water is a necessity. Sediment will be brought into a shore eanal 
from the river through the locks and by the creeks along its route, 
and this will probably be its most ‘serious defect; but, being easily 
remedied by dredging, is not considered so great as to outweigh 
the advantages above considered. ’’ 

Some of the considerations mentioned by the board as influencing 
the plans recommended for the improvement of Colbert Shoals are 


631 


EE RIVER, ALABAMA 


S 


THE COLBERT SHOALS CANAL, TENNES 


‘urverysdn Ssuryooy, [Bad 


IDATL 9JOIIUO/ 





632 THE COLBERT SHOALS CANAL, TENNESSEE RIVER, ALABAMA 


of interest, and will be briefly stated. The board very emphatically 
stated its opinion that the only radical and proper méthod of over- 
coming the obstructions at these shoals ‘‘is by a system of locks 
and dams;’’ and, further, that ‘‘the construction of the lateral 
canals in the bed of the river or on some other feasible route is 
considered preferable to the construction of cross dams with locks, 
for the reason that by such plan the main river will be left free and 
unobstructed’’ for ‘‘about six months, when the shoals can be 
navigated in their natural state.’’ The importance of this open 
river navigation seems to have been somewhat magnified by the 
board. The canal was designed to accommodate a draft of 6 
feet, and it was stated that this draft could be carried over the 
shoals whenever the river stage at the head of the shoals was 7 feet 
above low water. An examination of the gage records for gage 
No. 1 indicates that the river is below this stage for an average 
of eleven months per year. The navigation possible over the 
shoals for the six months stated by the board can refer only to 
light draft downstream traffic. The handicap caused for eleven 
months per year by the restriction of speed in the canal far more 
than offsets any advantage which the open river channel has over 
the canal in the short period during which the project draft of 6 
feet can pass through the shoals channel. 

The bcard ealled attention tc the fact that the size and draft of 
boats engaged in ‘‘through’’ business on the river were lmited 
by the size of the Muscle Shoals Canal locks, but expressed the 
view that ‘‘the capacity of the Muscle Shoals Canal should not 
entirely govern in deciding upon the capacity of the canals or 
other works of improvement below Florence, there being a large 
prospective river commerce which will originate in this seetion of 
the river and which will not be immediately interested in the 
river above.’’ This consideration determined the board in deciding 
on dimensions for the locks of 80 by 350 feet and on an available 
navigable depth at ordinary low water of 6 feet; whereas, the size 
of the locks at the Muscle Shoals Canal is 60 by 300 feet and the 
navigable depth is 5 feet. 7 

In the opinion of the board ‘‘the locks and embankments should 
be given heights of at least 4 feet and 1 foot, respectively, above 
the water surface of the canal at the highest stages at which the 
canal is to be used. There should be no current or side drafts in 
the canal so long as it 1s used.’’ This statement suggests the idea 
that the board at first considered a height of embankment which 
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would permit submersion during flood stages; but, as stated 
above, the recommended plan provided for sufficient height to 
bring embankment above the greatest recorded flood except 
for that part of the canal wall constructed in the river 
bed, which was to be above all recent floods. Why the board de- 
cided to give such heights to the canal embankment and locks is 
not definitely stated, but it is presumed that it was so done because 
of assumed danger of breaching embankments if submergible dur- 
ing floods. The quotation from the board’s report (see page 630), 
mentions the fact that the height of locks and embankments pro- 
vides for the possible use of the canal, however high the river 
might rise; in fact, this is one of the points of superiority claimed 
for the shore canal over the canals in the river bed proposed by 
the district officer. On the other hand, there is some inconsistency 
in this claim of superiority because of continuous use of the canal, 
with the great stress laid by the board on the importance of pre- 
serving the open river navigation at such times as it would be pos- 
sible. 

The approval of the recommendations of the board on November 
28, 1890, was followed by an allotment for the beginning of work 
on the canal, the allotment being for $150,000 taken from the ap- 
propriation of that year for the improvement of the Tennessee 
River below Chattanooga; and the plans described constituted the 
first ‘‘approved project’’ for the Colbert Shoals canal. 

Earlier Modtfications in the Plans. The surveys under way at the 
time the board made its report were continued, test pits were sunk, 
and borings were made at the sites of proposed structures; and the 
canal trunk was staked out, and quantities were calculated. In 
1891, following the completion of the surveys, the plans were 
modified so as to substitute for the double-lift lock at the lower 
end of the canal two single-lift locks—one at the lower end of the 
canal and the other, 1 mile therefrom. In 1892, a further modi- 
fication was made which provided for a single-lift lock at the lower 
end of the canal with lift equal to the combined lift of the two 
locks of previous modification. No reasons are given in any of the 
reports on file for either of these modifications, but the latter was 
undoubtedly made in the interest of economy, as well as for the 
purpose of reducing the time of passage through the canal. The 
_ changes in estimated cost resulting from these modifications are not 
stated in the reports, but apparently it was assumed that the 
changes would not greatly affect the estimated cost of the project. 
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Contract was let for the lift lock in 1893 under plans providing 
for a maximum lift of 25.5 feet. 

Discussion Following the High Water of 1897, and the Modtfica- 
tion of Plans Resulting Therefrom. On August 2, 1899, the district 
officer submitted a report on the Colbert Shoals Canal showing the 
necessity for certain changes in the plans, in view of the record 
high water of 1897. This report is so full, and covers the sub- 
ject so well, that it is very unfortunate that it was never printed 
and issued to the Corps of Engineers. At the date of the report 
the masonry of the lift lock had been completed, the lower entrance 
thereto excavated, and the guide walls built, and the right-of-way 
for the canal had been purchased. Detailed plans had been pre- 
pared and approved for the guard lock, its gates, and for the upper 
entrance to the canal. After stating the conditions of the work, 
the district officer discussed the question of the disposition of flood 
water from the creeks and brooks whose channels crossed the lne 
of the canal. There were found to be 13 of these streams, draining 
an aggregate area of 9,500 acres, with a calculated run-off of over 
3,000 eubie feet per second. This calculated maximum discharge be-_ 
ing beyond the capacity of the culverts of the lock would cause 
an overflow of the gates of the lift lock, unless it was otherwise 
disposed of, and would thereby put the canal out of service. There 
were several possible methods of taking care of the surplus dis- 
charge. It might have been allowed to come into the canal, to be: 
taken out over spillways established in the canal embankment with 
crest lower than the tops of lift lock gates; but this plan would have 
permitted the flooding cf the canal by water from the river passing 
in over the spillways whenever the surface of the river was above 
their crests, and thereby would have prevented the continuous usa- 
bility of the canal as provided for by the original plans. Another 
plan would have been the increasing of the height of the lift lock 
gates and the providing of spillways at elevations above extreme: 
high water in the river, and allowing the tributary flood waters 
either to pass out upstream through the guard locks, with gates. 
opened for the purpose, or over spillways when the height of water 
in the river at the head of the canal prevented discharge in that di- 
rection; but the swift current between the walls of the guard lock 
would have at times interrupted traffic. A modification of this. 
latter plan might have been used, providing reversed gates for the 
guard lock, so that the trunk of the canal could fill to the level of 
the spillways and thus permit the flood water from the tributaries. 
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to pass out over the spillways at whatever stage the river might be. 
The normal level in the canal could have been gradually restored 
by drawing off the water through the culverts of the locks; but this 
plan would have been decidedly objectionable, because it would 
have required an unnecessary lifting of boats by lockage to canal 
level higher than the river at the head of the canal. It was there- 
fore decided that only a portion of the flood discharge could be 
allowed to enter the canal trunk. After a careful investigation 
it was determined that the upper eight streams, being smaller and 
shorter than the lower five, could safely be permitted to enter the 
canal, but that the discharge of the other five must be earried under- 
neath the canal by suitable masonry culverts. In designing the 
culverts it was necessary to prevent the flood waters of the river 
from backing up through them and thus flooding the canal from 
the rear, and this was to be accomplished by entirely separating the 
canal from the valley of the tributary by a levee, with top above 
extreme high water, passing from high ground on one bank of the 
tributary to the culvert, along the canal bank, and thenee to high 
eround on the other bank of the creek. 

The form of the canal embankment and the exact cross section 
to be given to the canal trunk were discussed by the district officer, 
the following being quoted from his report: ‘‘The maintenance of 
the canal seems to depend almost wholly upon the integrity of this 
embankment. If the embankment should fail at a high stage of 
water, the canal would undoubtedly be very seriously injured, if 
not almost completely destroyed. The embankment therefore ought 
to be as safe and good as it 1s possible to make it. An earthen em- 
bankment when used as a dam may yield, of course, by overturn- 
ing, but the dimensions which other conditions require generally 
render this mode of yielding impossible or extremely unlkely; and 
such embankments sometimes yield by the water finding a passage- 
way through the embankment itself, or through the ground beneath 
it, and, being forced by a sufficient head, the flow gradually carries 
out the surrounding material and enlarges the opening until the em- 
bankment caves into it and is thus broken and destroyed. Another 
and perhaps more common form of yielding is due to the sliding 
down of slopes when they are built at an angle greater than the 
natural slope of the material when saturated by water. <A slope 
of 1 on 1.5 is very much steeper than any saturated earthy material 
would assume or maintain. The placing of riprap upon it adds 
nothing to its stability unless the riprap is sufficient to act as a 
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retaining wall. When the river is at a high stage, water will be 
higher upon the outside of the embankment than upon the inside, 
and if the stage is maintained long enough the embankment will be- 
come saturated, and, being unsupported by water on the canal side, 
this side will slough and shde down until it assumes a natural slope 
for this condition of saturation. When the river itself falls, if 
this fall takes place more rapidly than the material of the embank- 
ment can drain itself, it is likely to slough and slide down also on 
the river side. I think, therefore, that a slope such as was proposed 
is altogether too steep for safety. For the embankment is nearly 8 
miles long and more than 25 feet high. I think that it would be 
unwise to take anything less secure than has been found necessary 
for good practice in the construction of the levees on the Mississippi 
River. For this reason, I thought it proper to give to the side slopes 
of the embankment an angle not less than 1 on 3; and to give it 
a summit width of 10 feet and to provide a sufficient berm between 
the toe of the slope and the crest of the side slope of the canal. 
The next question to be considered was that of the height of the 
embankment. It was proposed by the board to make it a foot 
above the flood of 1882. But in the spring of 1897 a freshet oc- 
eurred which was nearly 214 feet higher than the highest flood here- 
tofore known. If the embankment had been built in accordance 
with the plan it would have been overtopped a foot and a half or 
more throughout its entire length and it could not fail to have 
suffered very serious injury and probably to have been breached at 
more than one place, and the material which formed it would have 
been carried into the canal, partially filling it and rendering it use- 
less, at least, temporarily. Now this flood of 1897 resulted very 
largely from local rainfall and was not a great flood on the upper 
part of the river. It would be easy to imagine conditions under 
which it might have been considerably exceeded, and it seems, there- 
fore, that it would be unsafe to fix the crest of the embankment at 
only 1 foot above the flood line of 1897. Three feet above the high- 
est known water is usually taken as a factor of safety in the case of 
levees, and it seems that a no less factor should be assumed in the 
given case. This will materially increase the height of the proposed 
embankment, but it seems unavoidable.’’ 

Tn reference to the double wall of masonry in the bed of the river, 
the district officer remarked: ‘‘Such a wall will undoubtedly pre- 
vent leakage between the river and the canal, and by this construc- 
tion the canal will take the minimum amount from the channel of 
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the river. But it would be a very expensive piece of work, and 
there seems to be no reason why it could not be replaced by an’ 
earthen embankment similar to that used along. the rest of the 
canal. * It was proposed that this wall be 3 or 4 feet lower 
than the rest of the embankment; in other words, to have a height 
such that it would be overtopped by an extraordinary flood. It 
seems to me that this would be very objectionable, and that the 
saving that would be effected by reducing the height of the wall 
would not be worth the danger which would result in the case of a 
great flood. The slope of the river on the shoals in time of flood is: 
never less than a half a foot to the mile, and if the spillway into 
the canal a mile long was in existence it is evident that the water 
surface in the canal at the lower end of the spillway would be prac- 
tically that in the river, and the fall in the canal would conform 
to that in the river. As the canal would offer a straight and deep 
channel the velocity in the canal would undoubtedly be consider- 
able, and would probably be sufficient to produce a dangerous. 
scour at the bottom of the canal in a way to materially injure it in 
certain places. * * It seems to me that it 1s imperative that. 
this wall, whether a masonry structure or an earthen embankment, 
should be given the same height that 1s given to the rest of the 
canal embankment.’’ Accordingly, in the estimate 1t was assumed 
that the earthen embankment of the canal would be continuous, and 
of a height throughout of 3 feet above the 1897 flood. The estimate 
for completion of the canal, with increased height of canal walls 
and other changes, was $2,749,000, if with earth embankment 
throughout, and $3,017,000 if with masonry wall in bed of river. 
Adding these estimated costs for completion to the expenditures to 
date of the report, or approximately $695,000, the total estimated 
cost of canal was about $3,444,000 in the first case and about 
$3,712,000 in the second. These figures were much greater than 
the originally estimated cost of the canal, and the district officer 
enumerated the following reasons for the increase: ‘‘ First, the actual 
experience gained in the construction of one lock shows that the 
board’s estimates for locks were too small by $100,000. Second, 
no estimate was made to provide for safe and easy entrance into 
the locks. In 1897 a board of Engineer officers was appointed to 
make plans for an entrance to the lift lock and a plan was submitted 
and approved; the estimate for it was about $150,000. A similar 
and less expensive entrance for the upper lock will cost $75,000. 
These sums were not included in the original estimates. Third, 
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the steel lock gates, valves, and operating machinery for the two 
locks were not provided for, unless they were included in the esti- 
mate for masonry, but they are absolutely necessary and will cost 
$260,000. Fourth, the embankment or levee provided in the origi- 
nal estimate was too low, as heretofore explained. The increased 
height and the flattened slopes will add $275,000 to the cost of the 
improvement. Finally, no provision was made in the original pro- 
ject for the disposal of the storm water brought down by the many 
streams which intersect the line of the proposed canal. The dis- 
posal of this water will require extensive and costly works, amount- 
ing to $280,000. The sum total of these enumerated amounts is 
$1,140,000, and this is about the amount by which the present esti- 
mate exceeds the one originally prepared.”’ 

In view of this large increase in the estimated cost of the canal, 
the district officer made a study for the improvement of Colbert 
Shoals by some method which would cost less than the canal, and 
as a result of his study he recommended to the Department a plan 
for the canalization of this section of the river. His plan is des- 
ignated as the second plan for canalization, and it provided for 
the use of the lift lock, then completed, with a dam across the river 
connecting the lift lock with the other bank of the river. Certain 
modifications were to be made in this lock, and there was to be 
excavated in the river bank a short canal, or approach, to connect 
the upper entrance of the lock with the pool formed by the dam. 
A second dam was to cross the river just above Bee Tree Island, 
with a masonry lock on the right bank. The lower lock was to 
have a maximum lift at low water of 9.65 feet and the upper lock 
of 15.25 feet. The location of the structures included in this plan 
are shown on Plate III. The estimated cost of the canalization, 
including the amount already expended, -was $2,129,000. Com- 
paring this estimate with that for the lateral canal with earth em- 
bankment throughout, it will be seen that the adoption of the plan 
for canalization would have saved about $1,325,000; but this plan 
would have provided only 4 feet depth at extreme low water in the 
upper limits of each pool, while the lateral canal would have given 
a minimum of 6 feet at extreme low water. In the opinion of the 
district officer, 4 feet at extreme low water was sufficient, in view 
of the very rare occurrence of extreme low water and of the fact 
that this depth was all that could be counted on for many years to 
come over some of the shoals below Riverton. He expected that 
ultimately additional depth would be obtained at the head of each 
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pool by rock excavation, but no estimate was included for such 
excavation. 

The district officer’s report was referred to a board of officers, 
which reported that the disadvantages of the slackwater system 
more than outweigh the probable saving in cost, and recommended 
that the adopted project for a lateral canal be adhered to, but that 
the details of the project should be left to the district officer sub- 
ject to the approval of the Chief of Engineers. The approval of this 
recommendation definitely and permanently disposed of the ques- 
tion of the improvement of the Colbert Shoals by canalization. 
While none of the discussions of the board are of record, it is 
presumed that it based its recommendations largely on the assumed 
importance of maintaining the open river navigation at high stages. 

No detailed consideration appears to have been given by the 
board to the changes suggested by the district officer in the ap- 
proved canal plans, but thereafter it seems to have been assumed 
that the earth embankment was to replace the masonry wall in the 
bed of the river, and that the embankments and the walls and gates 
of the guard lock were to be given sufficient height to keep them 
above such a flood as that of 1897. About two years subsequent 
to the board’s report the district officer described in his annual 
report the ‘‘approved project,’’ showing that it provided for em- 
bankments 3 feet above the 1897 high water, with top width of 10 
feet, and with side slopes of 1 on 3, which were also to be the side 
slopes for the excavation. The top of the embankment at the head 
of the canal was to be at elevation 67.0 and at the lft lock was to 
be at 63.5. The top of the guard gates was to be at elevation 66.0, 
and of lift lock gates at 37.0. The canal banks and the guard lock 
and its gates would therefore never have been submerged, and the 
canal would have gradually filled over the top of the lift lock gates, 
which would not be topped until navigation was possible over the 
shoals. The canal might have been used at even higher stages if 
desired, by leaving open both upper and lower gates at the lft 
lock and permitting boats to eater and leave this end of the canal 
without the necessity for lockage. The maximum pressure against 
the canal embankment would be outward and at the lower end of 
the canal, being 25.5 fcet at assumed low water; but since the 
surface of the canal would then be below the natural surface of the 
ground, the pressure would not act against the made embankment, 
but against the excavated surface of the natural ground, except 
where the made embankment crossed the old bed of the tributaries 
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where extra width would be given to the embankment. Against 
that part of the embankment lying in the bed of the river the 
maximum outward pressure would be 12 feet at low water. The 
maximum inward pressure would be at the head of the canal and 
just before the water began to come in over top of lift lock gates, 
the head against the embankment and against the guard lock gates 
then being 12 feet. 

Abandonment of the Plan for a Nen-submergible Canal. Dur- 
ing the summer of 1901 the district officer and his assistant began 
a new study of the canal plans with a view toward reducing the 
cost. On account of the great cost of building embankment and 
guard lock above the extreme flood level, the question was raised as 
to what dangers would result from permitting them to be sub- 
merged at high water. The question of deposit in the canal was not 
considered of great importance, since even under the approved plan 
the water coming in over the lift lock and from the tributary creeks 
would cause deposit. The district officer did not anticipate trouble 
from scour along the canal embankments, or within the canal, if 
built so as to permit submergence at flood stages. He therefore 
‘‘proposed to limit the embankments and levees at such heights 
as will insure the canal being available for use until the river attains 
a stage at which open channel navigation over the shoals is prac- 
ticable; to provide the embankment on the river side of the canal 
with open filling weirs, by which, as well as by backing up over the 
lift lock and by flow through the guard lock, the water in the canal 
trunk will gradually assume the slope of the river; to discharge 
into the canal all the thirteen creeks or branches, instead of eight 
as heretofore approved; and to provide a weir to aid the culverts 
of the lift lock to discharge surplus waters when the river is low. 
The reference of the top of the proposed river embankment would 
range from 42.0 at the waste weir (at lft lock) to 49.0 at the 
ouard lock; the reference of the tops of the main guard gates now 
proposed is 44.0; the height of the guard gates will be diminished.’’ 

It was considered dangerous to permit the canal to fill from the 
upper end or to be filled by water running over the canal embank- 
ment, since the difference in level between the canal surface and 
the river surface at the beginning of the submergence would be con- 
siderable, and there would be a dangerous fall from the river into 
the canal. In order to avoid these dangers, it was proposed to 
fill the canal by weirs, or low paved places in the embankment, and 
to give these weirs such crest heights as would cause them to come 
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successively into use, beginning with the weir nearest the lift lock. 
This latter requirement was to be met by ‘‘making the grade line 
for the weir crests to rise faster from foot to head of canal than 
would the water surface of the river.’’ The establishing of such 
grade line of weir crests fixed the height of embankment, since at 
any point the top of the embankment must be not less than 1 foot 
above the weir; and also fixed the height of guard lock walls, since 
their tops must be above such grade line. As the weirs must always 
be submerged successively, beginning with the one at the lift lock, 
the river slope to be used in determining the grade line of weir 
crests must be the maximum corresponding to that stage at gage 
No. 4 which just submerged the lowest of the filling weirs. The 
elevation of crest for this lowest weir must be at least as high as the 
river surface at that stage which permitted free navigation in the 
open river. A careful investigation showed that the shoals channel 
was easily navigable for boats of 6-foot draft, both up and down 
stream, whenever the river reached a 23.5-foot reading on gage No. 
4, elevation 33.5.* Corresponding to such a reading on gage No. 4, 
on a rising rwer gage No. 1 had reached as a maximum a reading 
of 10.0 feet, elevation 44.0, and a minimum reading of 7.6 feet, 
elevation 41.6; while on a falling river with maximum slope gage 
No. 1 had reached 8.3 feet, elevation 42.3, and with minimum slope 
a reading of 5.0 feet, elevation 39.0. Therefore the maximum re- 
corded fall between gage No. 1 and gage No. 4 for a 23.5 reading on 
gage No. 4 was 10.5 feet and the minimum was 9.5 feet. When 
this minimum slope existed there was at least 6.5 feet depth through- 
out the shoals channel, with moderate currents. When the maxi- 
mum slope existed the minimum channel depth on the shoals was 
11.5 feet, but at that time the currents were swift and a greater 
margin of depth was required. It was therefore determined that 
the lowest filling weir could be given crest elevation of 33.5 and 
that the grade line for weir crests must rise sufficiently to make it 
above elevation 44.0 at head of canal. Fixing the lowest filling 
weir at elevation 33.5 would have caused the canal to go out of serv- 
ice when river water began to run in over this weir; but as the lift 
lock had already been completed with top of walls at elevation 37.0, 
it was apparent that the canal could be continued in service up to a 


*On page 616 it may be noted that 6-foot draft can be moved upstream 
when Riverton gage reads 17.5 feet, corresponding to a reading on gage No. 4 
of 19.5 feet. The assumption of a gage No. 4 reading of 23.5 feet for easy 
navigation was clearly on the safe side. 
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gage No. 4 reading of 27.0, elevation 37.0, if the lowest filling weir 
was given crest elevation of 37.0. However, it was decided to con- 
tinue use of canal only to the 26.0 stage, and therefore the lowest 
filling weir was given crest elevation of 36.0. 

While, as has been stated, the grade for weir crests was to be 
steeper than the maximum slope in river corresponding to the 
stage which first submerged the lowest of the weirs, the question of 
how much steeper was still to be decided. Two things were con- 
sidered in fixing the minimum rise in grade of weir crests—pro- 


vision against the possibility that the maximum recorded slope in — 


the river might be exceeded in the future, and an allowance of 
time for filling the trunk of canal to keep pace with the submergence 
of the weirs. For this latter reason the grade line for weir crests 
should be steeper near the lower end of the canal than at the head, 
since the length of trunk to be filled decreases as the submergence 
proceeds upstream. Consistent with these two requirements, the 
orade line should be fixed on as flat a slope as practicable in order 
to reduce the resulting heights for embankment and for guard lock 
walls. Unfortunately an error was introduced in the plans by the 
use of the maximum slope for the river corresponding to gage No. 4 
reading of 23.5 feet instead of 26.0 feet, which had been fixed on as 
the closing stage for the canal. -The maximum fall in the river cor- 
responding to the 26.0-foot stage was 9.5 feet instead of 10.5 feet, 
as assumed, and this error caused the weir crest line to rise some- 
what faster than necessary. No danger was introduced thereby, 
but the embankment at the upper end would have been 1 foot higher 
than required, with corresponding additional cost. Other econsider- 
ations further modified the height of embankment. The weir near- 
est the guard lock was 7,000 feet therefrom, with crest at 48.0 and 
with fop of embankment at 49.0. From this point to the guard 
lock the embankment gradually rose to elevation 50.0, but the rise 
must have been somewhat greater had the grade line of weir crests 
been carried as tar as the guard lock. Below this uppermost weir 
the embankment was to be 1 foot above the crest line of weirs, 
except where excess of excavated material to be wasted would have 
given embankment higher than required by this rule. 

It was proposed to take the storm water discharge of all thirteen 
streams directly into the canal, and provision was therefore neces- 
sary for taking care of this water either by discharging it over 
waste weirs or through culverts. There were numerous opportuni- 
ties for failure of operation of the latter, with consequent danger 
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of overtopping the lft lock gates and thereby putting the canal out 
of service. A waste weir was therefore provided at the lift lock, 
discharging into the old channel of Chickasaw Branch. This weir 
was to be a concrete structure founded on rock, with crest 33 feet 
long and at elevation 33.5, permitting a depth of discharge over the 
crest of 2.0 to 2.5 feet without the water in canal rising above 35.5 
or 36.0, or to within 11% or 1 foot of the tops of the lift lock gates. 
Calculations showed that the maximum current in the canal due to 
storm water could never exceed 2.5 feet per second, and probably 
would not be more than 1.8 feet per second. Even 2.5 feet per 
second would not injure the paved slopes of the canal, and would 
not greatly interfere with navigation. The waste weir was to have 
a culvert at level of bottom of canal to aid the lock culverts in 
emptying the canal whenever that became necessary. The waste 
weir being at elevation 33.5 would allow the canal to begin filling 
when the river surface at lift lock was above this elevation. The 
small amount of such filling over the short weir was not expected to 
interfere with the use of the canal until a further rise topped either 
the lift lock gates, or the guard lock gates, or the lowest of the filling 
welrs. 

Since the natural level of the ground along the lower half of the 
canal was higher than the grade line for weir crests, it was neces- 
sary, in order to give the weirs free connection with the river, to 
locate them only at the intersection of the canal embankment with 
the old ereek beds. The weirs were to have sufficient widths to in- 
sure easy filling of the canal trunk as the river rose, and were to 
be simply paved spaces across top of the embankment; the pave- 
ment being of 1-foot concrete blocks and extending across top and 
down the canal slope to elevation 33.5. 

The embankment was to have a minimum top width of 40 feet, 
with side slopes of 1 on 3. On the river side, that part of the em- 
bankment in the river bed, as well as about 1,700 linear feet situated 
near the river bank, was to be covered from bottom to top with 
heavy riprap of an average thickness of 1 foot. The canal side of 
the embankment throughout was to be covered with lighter riprap, 
1 foot average thickness, from bottom of canal (elevation 26.5) to 
2.5 feet above assumed low water, or to elevation 36.0. That part 
of the embankment in the river bed, which would be on bed rock, 
was to have a 6 by 6 foot concrete core wall to insure a good bond 
between the earth embankment and the underlying rock. The walls 
of the guard lock were to be built to elevation 49.0, although the 
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tops of the gates were to be at 44.0. No reasons are given for this 
extra 5 feet height of walls, but it is not unlikely that it was with a 
view to an increase in height of gates if later it was found to be 
necessary.” 

It will thus be seen that the proposed modifications reduced the 
heights of guard lock walls and of canal embankment by 17 feet 
and eliminated the expensive works (levees and culverts) for carry- 
ing the storm water of the five larger creeks underneath the canal 
trunk. On the other hand, the original plans provided for embank- 
ment and guard lock to be above highest floods, for no current 
through the canal, and for its being usable at all river stages; while 
the modified plans permitted the embankment and the guard lock 
to be submerged, a current in the canal (although not a dangerous 
one), and the canal going out of service when gage No. 4 was at or 
above 26.0. (It was stated by the district officer that the gage 
records for twenty-nine years showed that the canal would have 
been out of service on an average of only five days per year.) The 
estimate for completion of the canal in accordance with these plans 
including $788,000 previously expended, was about $2,500,000; and 
in accordance with the ‘‘approved project’? was $3,444,000. The 
modifications apparently gave a canal as serviceable as under the 
former plans, and one not more subject to accidents or damage, 
and at an estimated saving of about $944,000. The proposed modi- 
fications having been approved by the Secretary of War, the ‘* Ap- 
proved Project’’ was modified accordingly. 

With a canal constructed according to the new plans, the con- 
ditions for the filling of the canal would vary considerably under 
different river conditions. ‘The following is a brief explanation: 
(a) Rising river and maximum slope. As river at lift lock reached 
33.5, at guard lock it would reach 44.0; and the next increment of 
rise would cause the canal to begin filling over the waste weir at 
the lift lock, and over the guard lock gates. A further rise to 37.0 
at the lift lock would top the gates, and at about the same time the 
lowest filling weir (at Bledsoes Creek) would begin to flow; the 
other filling weirs would successively go under—the uppermost at 
Boones Branch shortly before the flooding of the guard lock walls, 
which would be at 15.0 feet on gage No. 1. The embankment would 





*About one year later the plans for the guard lock were further changed to 
provide for tops of walls at elevation 50.0 and of gates at 46.0. This change, 
however, is not considered in the next few paragraphs, as the plans for the 
guard lock very soon afterwards were still further changed. 
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be entirely flooded (except where wasted excavation made it un- 
necessarily high) at a 16-foot stage at gage 1, elevation 50.0. (b) 
Rising rwer and minimum slope. When the river at lift lock reached 
elevation 33.5, at guard lock it would be at elevation 41.6. <A fur- 
ther rise would cause canal to begin filling over the waste weir, 
but the canal would not go out of service until a further rise to 
elevation 37.0 at the lift lock had flooded the gates, at which time 
the river at guard lock would be at elevation about 43.2. Then 
there would be flooded the lowest filling weir, and possibly the next, 
before the guard lock gates would be topped. The order of sub- 
mergence would thereafter be as given in (a). (ec) Falling river 
and maximum slope. As the river at guard lock fell to elevation 
50.0, the upper end of embankment would be uncovered, followed 
progressively by remainder of embankment. In order then would 
appear the tops of guard lock walls, the Boones Branch weir. and 
the other weirs in succession; then the lift lock gates and guard 
lock gates. When the river had fallen to 44.0 at guard lock, it 
would be at about 35.4 at lift lock. The waste weir would appear 
when river had elevations 33.5 at lift lock and 42.3 at guard lock. 
(d) Falling river and minimum slope. The embankment, the guard 
lock walls, and the filling weirs would appear in the order stated 
for (c). When the river at the guard lock reached 44.0, at the 
lift lock it would be at about 37.1 or 37.2; that 1s, guard lock gates 
would appear before lift lock gates. Soon after the canal would go 
into service and a further fall would bring the waste weir above 
the river surface. 

Change in Location of Guard Lock, and Location of the Upper 
Part of the Canal Trunk in the River Bed. The same district officer. 
after further study of the probable discharges of the different tribu- 
tary creeks, concluded that unless waste weirs were provided at 
frequent intervals in the canal embankment there would be great 
likelihood that velocities in the canal due to storm water would be 
so great at times as to scour the bottom and sides of the canal. 
During the study for the location of such waste weirs he further 
concluded that there was no good reason for the high embankment 
nor for the guard lock. He therefore proposed to the Chief of 
Engineers in September, 1902, to eliminate the guard lock and all 
the embankment on the river side of the canal, except where the 
eanal was not entirely in cut; that is, except where the canal em- 
bankment lay in the river bed or where it crossed one of the tri 
butary streams. This proposal will not be described in detail, as 
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it was not approved, and as it 1s discussed to some extent in con- 
nection with a change of plan proposed at a later date. A board 
was assembled to consider and report on this proposed radical 
change of plan, and it expressed the opinion that the guard lock 
should not be eliminated; but a suggestion was made to the Chief 
of Engineers that a number of different plans for the canal be 
studied and estimates therefor be prepared. In pursuance of this 
suggestion the district officer submitted estimates for each of the 
plans outlined by the board, and in addition he proposed a new 
plan, a modification of one of those of the board, prepared estimates 
for it, and recommended it to be adopted. 

In this plan the location of the guard lock was changed to a point 
about 150 feet above Shades Branch; the canal between the two 
locks was to be altogether in cut and to be as near the river as the 
right-of-way and the side slope of the canal would permit. The 
bulk of the excavated material was to be deposited on the land 
side of the canal; and, in order to reduce excavation, the side slopes 
of the cut were to be made 1 on 2, leaving the bottom width, as 
before at 108 feet, but reducing the top width; and furthermore it 
was proposed to pave the side slopes from bottom to top. Upstream 
from the guard lock the canal trunk was to be formed by .con- 
structing a concrete wall in the river bed paralleling the river bank, 
and by excavating rock where necessary to give proper depth. The 
bottom width of this part of the canal was also to be 108 feet; the 
rock cut having vertical walls. The concrete wall was to be 4 
feet wide for the upper 334 feet, and below that was to have a 
vertical face on the canal side and 3 on 1 batter on river face. The 
lower 5,250 feet of the wall was to have its crest at elevation 41.0, 
to serve as a spillway, while the remainder was to have top elevation 
at 42.0. The tops of the guard lock walls and gates were fixed at 
elevation 43.0, as was also the top of the earth embankment where 
it had to be built up. Elevation of miter sills of guard lock was 
to be at 27.5. There were to be five waste weirs, elevation of crest 
of each at 34.0, located at Chickasaw, Bledsoe, Hayes, Ross, and 
Boones branches. These were for the purpose of discharging the 
storm water of the tributaries, as well as for filling the canal as the 
river rose. The estimate for completion was $2,183,235, including 
previous expenditures, as against $2,853,608, estimated total cost 
for completing the canal according to previous project. The pro- 
posed plan having been approved by the Secretary of War, it 
became the ‘‘approved project;’’? but not very long afterwards a 


THE COLBERT SHOALS CANAL, TENNESSEE RIVER, ALABAMA 649 


further modification in the interest of economy provided for the 
substitution of a rock-fill embankment for the concrete wall in the 
upper 5,500 linear feet. This embankment was to be built of the 
rock excavated from the canal trunk, piled on and around the coffer- 
dam used for unwatering the river bed for the purpose of rock 
excavation, and was to have a low concrete toe wall 2 feet thick 
extending to elevation 34.0, above which the rock slope was to con- 
tinue to elevation 42.0, the proposed top elevation. This substi- 
tution was to extend downstream only so far as the amount of rock 
to be excavated was sufficient to give a minimum thickness of 40 
feet to the rock embankment. The rock surface sloping gently 
downstream, the excavated material would be sufficient to give this 
minimum thickness for only the upper 5,500 linear feet. The 
concrete wall was for the purpose of insuring tightness below the 
low water surface of the canal, and above that surface some leakage 
through the rock embankment would not be objectionable, although 
it was expected that deposit from the river would soon consolidate 
the embankment. This change was estimated to make a saving of 
$50,000. 


(To be continued in January number.) 


A Yapanese Winter Exercise 


BY 


Maj. K. HAUSHOFER 
Bavarian Army 


The winter exercises held by the 16th Division between the 12th 
and 16th February were designed to include the following events: 
On the first day an encounter battle on the Tamamizu-Tanabe- 
Yawata road; on the second day, an attack by the Red Force on a 
Blue position in the hills; on the third day, retirement of Red across 
a river pursued by Blue; and on the fourth day, the active defence 
of the line of the river by Red. (See Fig. 1, page 653.) 

The situation on which the exercise was based was as follows: 


GENERAL IDEA, 


A Blue army is holding the Lne Yokoogi-Mukomachi. 
A Red army is advancing via Fushimi against Blue. 


Special Idea. Blue. 
Morning of the 12th February. 


The Blue commander has decided to retire to the heights of Oto- 
koyama and Yamazaki and await the arrival of reinforcements be- 
fore accepting battle. 

Upon receiving information that a small foree of the enemy is 
advancing down the Kizu Valley, the Blue commander detaches the 
force detailed below to protect the rear of his army: 

lst and 2d Battalions of the 9th Infantry Regiment; 2d Squad- 
ron of the 20th Cavalry Regiment; 2d Battery of the 22d F. A. 


*Reprinted, by permission, from the Journal of the Royal United Service In- 
stitution, London, January, 1913. 

Nore. The translation (from the Militar Wochenblatt Supplement No. 1 of 
1912) illustrates admirably various tactical ideas prevailing in Japan as the 
result of the experience gained in the war against Russia. 

It likewise shows what valuable instruction can be acquired by means of 
exercises with small forces and partly improvised formations; and despite in- 
clement weather conditions similar to those which usually prevail during the 


?? in Great Britain. 


‘“winter training season 
The criticisms by the author—an expert foreign observer—constitute 4 
valuable addition to the instructive events which he narrates.—ED. 
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Regiment ; and two sections of the.2d Company of the 16th Pioneer 
Battalion. 

This force, which is henceforward referred to as the Kizu detach- 
ment, had reached the bridge south of Yodo at 12 noon. Its com- 
mander had received information that the Red Force, which had 
hitherto been advancing on the right (east) bank of the Kizu, had 
reached the neighborhood of Tamamizu, and was preparing to cross 
to the left (west) bank. The inhabitants reported that the Yawata- 
Matsui road was passable for field artillery. 


Special Idea. Red. 


The Red Kizu Detachment (as below) had received orders to 
operate against the rear of the Blue army; it had advanced on the 
east bank of the River Kizu as far as Tamamizu, where it had 
crossed to the west bank on the 12th February. The crossing had 
been completed by noon. The Asasano-Matsui-Yawata road was 
reported to be passable for field artillery. 


Ist and 2d Battalions of the 538d Infantry Regiment. 

Half the lst Squadron of the 20th Cavalry Regiment. 

Ist Battery of the 22d F. A. Regiment. 

One section of the 2d Company of the 16th Pioneer Battalion. 


The total forces engaged in the exercise were, therefore, quite 
small. There were altogther two regimental staffs, four infantry 
battalions, two cavalry squadrons, two batteries of field artillery, 
one company of pioneers and eight machine-guns; second-line trans- 
port was represented by detachments of A. S. C.; all units were at 
war strength,* with their full allowance of pack ammunition. 

The Directing Staff consisted of General Oi, commanding the 
19th Infantry Brigade, and his two staff officers; in addition the 
16th Division was given its ‘‘Ib’’t General Staff Officer. My 
Austrian friend, Captain von Winternitz, and I were attached to 
the 16th Division. On the 12th February the Directing Staff left 
Kioto for the maneuver area. 

All officers who were not absolutely required for training the 
recruits in the garrisons took part in the exercise, and were em- 
ployed as umpires, compensation officers, to replace casualties 
among the commanders, or as spectators. 

The weather was slightly frosty; the sky was generally clear and 
the wind keen; these conditions continued almost till the end of 
the exercise, but at noon on the 15th there was a blizzard, which 
was followed by a change of the weather. 

The four days were utilized to the very utmost, having regard 
to the limits imposed by the physical endurance of the troops; the 





*In order to bring units up to war strength some reservists were called up 
to each regiment from the place at which it was stationed. 

+The expression ‘‘Ib’’ is used in the German Army to designate one of 
the two officers of the 1st (General Staff) Section of an Army Corps Staff.—Eb. 
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maneuver area was comparatively small, but it was well selected and 
afforded plenty of scope for interesting situations, which were ex- 
ploited to the utmost by the maneuver scheme. The result was to 
give the older men of the division and the majority of the officers a 
thorough ‘‘Refresher,’’ in the middle of the winter, without inter- 
fering appreciably with the training of the recruits. 

In order to reach the places of assembly laid down in the scheme, 
the infantry had to proceed by route mareh 1214 miles from 
Fushimi, 9 miles from Nara and 1214 miles from Otsu. This is 
in accordance with the approved Japanese tradition of taking the 
edge off the marching powers of the troops before the maneuvers 
begin, in order to test their energy and capacity for endurance.* 

At 12.30 p. m., by which time the concentration had been com- 
pleted, the troops had rested, and were ready to move off. The 
situation was then as portrayed by the following order: 


RED. DETACHMENT ORDERS.+ 
Tamamizu, 12th Feb., 12 noon. 
Order of March. 


Independent Cavalry.—I|st Squadron 20th Cavalry Regiment. 

Advanced Guard.—\|st Battalion of 53d Infantry Regiment (less 
Nos. 3 and 4 companies); four mounted men; one section 16th 
Pioneers. 

Left Flank Guard.—2d Battalion 53d Regiment (less: No. 2 
company) ; two machine guns. 

Main Body.—Nos. 3 and 4 companies Ist Battalion 53d Regiment ; 
Ist Battery 22d F. A. Regiment; No. 2 company 2d Battalion 53d 
Regiment. 

1. No news of enemy. 

2. The detachment will march to Yawata, towards which place 
the independent cavalry advanced at 10.30 a. m. this morning to 
reconnoilter. 

3. The infantry point of the advanced guard will move off at 
12.30 p. m. along the Tanabe-Yawata road upon Yawata. 

4° The left flank guard will move off at the same time as the 
advaneed guard and proceed from Tanabe via Matsui and Uchisato 
to Yawata. 

5. The main body will move off at 12.30 p.m. from the center of 
Tamamizu village. 

6. Second-line transport will follow the main body at 1,100 yards 
distance. 

7. The G. O. C. will ride at the head of the main body. 

(Note: No infantry may cross the railway north of Tanabe be- 
fore 2 p. m.) 

Dictated to commanding officers at Tamamizu. 








*Thus, for example, the inspection of companies in tactical training is usually 
arranged as an incident in a 25-mile march. 
+ For Director’s criticism on these orders, see pages 666-667.—ED. 
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The Blue commander had likewise resolved to advance. His 
orders were that the advanced guard should start at 12.30 for 
Tanabe via Yawata, the main body following at a distance of 770 
yards. On reaching Yawata a flank guard consisting of two com- 
panies was to diverge from the main body and move via Matsui on 
Takigi. . 

NARRATIVE OF THE OPERATIONS. 


The Independent Cavalry of the opposing sides, having been 
allowed to move off at 10.30 a. m., came in contact between Yawata 
and Osumi. 

The Red advaneed guard, which I accompanied at the commence- 
ment of the day’s operations, sent out some infantry patrols at the 
double on a broad front to prevent the hostile cavalry from ap- 
proaching within view. A little after 2 p. m., the point of the Red 
advanced guard came in contact with the Blue cavalry on the 
narrow plateau between 200 and 500 yards south of Asasano; the 
Red advanced guard hastened to deploy, and occupied a trench 
extending on either side of the road, 500 yards south of Yawata; 
from this position it was able to open an effective fire against the 
Blue advanced guard, which was debouching somewhat carelessly 
from Yawata. 

Some weak flank guard detachments and patrols were engaged a 
little farther to the east, in an independent struggle for the river 
dike, which is as much as 30 feet high in some places. 

The road leading through Yawata was in such bad condition that 
some ploneer work was necessary before the Blue guns could get 
into action, which they finally did under fire of the guns and ad- 
vanced guard of Red, in a position on the southwest border of 
Yawata (which, in real war, not a man would have reached: alive). 
An encounter battle now commenced. 

The energetic Blue commander quickly deployed his main body 
and sent it forward through the fields southwest of Yawata; mean- 
while Red advanced by his left between Osumi and Matsui; the 
infantry, moving in close formation, sank deep in the marshy rice 
fields, and at the same time came under fire from the Blue machine 
ounNSs. 

Great effect is allowed in Japan to surprise fire by machine guns 
from a flank, on account of the general confusion which fire of this. 
sort was found to produce during the late war. 

The position of Red at 3.30 p. m. when ‘‘Stand Fast’’ was sound-. 
ed, was by no means favorable, although they had established a 
strong firing line along the embankment on which the road is earried 
to the east of Matsui. 

At 5 p. m., after a long conference, operations were resumed. 
Red retired via Tanabe; Blue pursued half-heartedly and allowed 
themselves to be checked by fire at the embankment 200 yards south 
of Asasano; they halted again at the railway north of Tanabe, and 
at a place where an embankment 1s carried over the road at the 
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latter place. The greatest eagerness in the pursuit was shown by 
the Blue battery commander with his mounted party; the machine 
guns followed him at a rather slower pace. It was not until the 
evening that Blue halted at the embankment south of Tanabe in 
accordance with orders received from Army Headquarters. 

Red had fallen back to Kodo, where they were turning to face 
their enemy, when the latter desisted from the pursuit. The Red 
commander had just given orders for his force to occupy close 
billets, in immediate readiness for action, when he received informa- 
tion from his army commander that he was going to begin the 
attack on the Blue Army on the 13th, on which day his left flank 
would move against the Mino Hill south of Yawata; and that the 
task for the Kizu Detachment was to drive back the Blue troops 
opposed to them, and then to cooperate on the extreme left flank of 
the Red Army’s attack. 

It was at first proposed, in pursuance of this order, to gain 
possession of Tanabe by a surprise attack in the darkness, but the 
patrols, which had been gradually working their way round the 
the enemy’s thin screen of posts, reported that neither Tanabe nor 
Takigi were occupied, and that the Blue outpost line was really 
much farther to the north, south of Asaoka and Asasano. The 
Blue detachment had received news after the action, from the 16th 
Division (on the right flank of the Blue Army) that it was falling 
back that very night to take up a defensive position south of 
Yawata. Shortly afterwards the following extract from Blue Army 
Orders was received, dated 12.30 p. m.: 


“1. On the 13th inst., the 16th Division will cecupy the line from 
(right flank) hill 880 yards south of Minoyama—Village of Mino- 
yama—Hill Otekoyama; on the 14th this division will again ad- 
vance to the attack. 

“9. The Kizu Detachment will to-night occupy a position to 
cover the retirement of our main army; early to-morrow it will 
move to join the right wing of the 16th Division and will entrench 
itself there, facing east.”’ 


The effect of these orders was that Red was only followed up by 
a portion of the Blue Force as far as the dyke south of Tanabe, 
where a false outpost line, which deceived Red for a time, was 
taken up by cavalry and patrols. Judging rightly that the first 
task was to gain time to fall back towards the northwest, the Blue 
commander now issued the following orders: 


BLUE, DETACHMENT ORDERS. 
Asaoka, 12th Feb., 6.30 p. m. 
3 1. The enemy has been driven back through Tanabe, and has 
taken up quarters for the night at Kodo. 


2. Our detachment is quartered to-night in and around Asaoka. 
3. The Ist Battalion 9th Infantry Regiment will furnish the 
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outposts; reserve will be at Asasano; right flank will extend to the 
tea plantation 770 yards south of Asaoka and the western slope of 
the hill at that place; left flank will be at the ford by the gap in 
the dyke opposite Mizushi, and will guard by frequent patrolling 
against any movement from the direction of Tanabe. 

4. The main body will occupy close billets as under: 

Staff, machine guns, 2d Battalion of 9th Regiment, less No. 2 
company at Asaoka; No. 2 company 9th Regiment at East Ozumi; 
No. 2 squadron 20th Cavalry Regiment and No. 2 company 16th 
Pioneers at West Ozumi; 2d Battery 22d F. A. Regiment at Matsui. 

Major T. will be commandant of Asaoka. 

5. The alarm post will be in the fields southeast of Asacka. 

6. Rations will be issued from the wagons of the second-line trans- 
port (Grosse Baggage). 

7. I shall remain at Asaoka, where orders will be issued at 9 
Dri 


By 9 p. m. the troops on both sides had received their evening 
issue of supplies (or the amount required to complete it) and had 
turned in under the protection of their outposts, who were kept 
busy all night. 

The commander of the Red Kizu Detachment issued the following 
orders for the 13th February : 


RED. ORDERS FOR THE KIZUGAWA DETACHMENT. 
Headquarters, Kodo, 12th February, 9 p. m. 


1. The foremost protective detachments of the enemy opposed 
to us are on the line of the high river bank south of Asasano-Asaoka. 
The main body of the enemy has fallen back and apparently intends 
to resist our advance in the hills at, and to the north of, Minoyama. 

The Kizugawa Detachment will to-morrow advance further along 
the left bank of the Kizu. 

2. To-morrow (135th February), the enemy will accordingly be 
attacked afresh; after defeating him, the detachment will establish 
touch ‘with the Red main body. 3 

3. The 2d Battalion 538d Regiment, less two companies, will oceu- 
py the railway embankment north of Tanabe at 5 a. m. to-morrow; 
the machine guns will accompany this battalion. 

4. At the same hour the 1st Battalion 53d Regiment and two 
companies of the 2d Battalion 53d Regiment, under the command 
of Major F., will be assembled north of Tanabe. 

D. At 5.30 a. m. the battery will be ‘‘at the north of Tanabe’’ 
(by this was meant in action at the northern end of the village) : 
one section of pioneers will accompany the battery. 

6. The cavalry squadron will endeavor to reconnoiter along the 
left bank of the Kizu, and will cover our right flank. 

7. Communication is to be established from Tanabe via Nagaike 
to the road leading from Nara. 

8. Second-line transport will remain till midday to-morrow on the 
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right bank of the Kizu near Tono, to be halted in order of units as 
given in the order of battle. 


9. I shall be at the cross roads in the center of Tanabe at 5.30 
a. m.* 


The intentions of Blue were also modified in many respects. The 
original intention had been to move off quickly to the northwest an 
hour before daybreak, and then to take up a position for a delaying 
action in the neighborhood Asaoka-Osumi, the rear guard remain- 
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ing south of Asasano; finally, it was decided to fall back on the 
heights 200 yards southeast of Minoyama, and to hold on there, 
linking up to the 16th Division. With this object, orders were 
issued at 2 a. m. on the 13th February that the battery was to fall 
back through Matsui and was to be formed up at 5 a. m. on the hill 
880 yards northeast of Nagao; the 2d Battalion 9th Infantry Regi- 
ment was to be at 5.20 a. m. at the pond 500 yards northeast of 
Nagao; and the 1st Battalion 9th Infantry Regiment was to be at 





*Unfortunately, by order of the Directing Staff, all operations were post- 
poned till two hours later than the times prescribed in the orders. 
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5.40 a. m. at the ponds 660. yards south of Minoyama (see Fig. 2). 
One company of each battalion was to be left behind to mask the 
retirement and to afford some support to the cavalry which was 
going out to reconnoiter. 

Blue earried out his retirement on to the selected position with 
great skill and succeeded in completely hoodwinking the enemy ;* 
the heights south of Matsui were found to provide good positions 
for rear guard actions. 

The Red commander unaware of the retirement of Blue, kept 
four of his guns in action to the west and two to the east of Tanabe; 
his remaining troops he kept in the positions laid down by the 
orders, up to 7 a. m., without having been able to decide on any 
definite action. He then advanced astride of the road, and was en- 
ticed by the Blue rear guard, which played the role of a delaying 
force with consummate skill, into the country southwest of Matsui. 
Here all touch was lost with the Blue troops, who vanished sudden- 
ly and completely. At this juncture, Red received information 
that there was a strong Blue position northwest of Minoyama; and, 
further, that the advanced troops of the Red main body (which 
was now moving to the attack) would not appear north of Matsui 
before 4.30 p.m. The Red commander realized, therefore, that he 
must proceed with caution in regaining touch with the enemy who 
had so mysteriously disappeared; meanwhile, he took steps to se- 
cure his position at Matsui and on the ridge south of that place. 
facing towards the west. (See Fig. 2.) 

In the meanwhile, we spectators had made a detour, under the | 
guidance of a General Staff Officer, and had reached the new de- 
fensive position of the Blue detachment. The ground, which was 
the scene of the ensuing operations, presented all the difficulties of 
mountainous country, though the actual altitudes above sea level 
were relatively small; it bore a striking resemblance, as was more 
than once observed by the Japanese officers, to the battlefield of 
Yang-tzu-ling in the Manchurian mountains. 

During our ride we saw the Red advanced guard regain touch 
with the enemy; in so doing it was on one occasion much exposed 
to fire from the strong Blue position. The Red infantry patrols 
were soon busily engaged, and worked well. The heavy ground 
presented great difficulties to the advance of the guns; the artillery 
reconnoitering parties selected a position on the hill 550 yards 
southwest of Matsui, but before it could be occupied the pioneers 
had to make a track over 200 yards of difficult ground; when this 
had been done the position was certainly an excellent one for ar- 
tillery. 

The Blue defensive line, which we reached about noon, by way of 
2 steep narrow valley, was supposed to constitute the extreme right 
of the division on the right flank of the Blue Army. The front, 
which was about 1,540 yards in extent, was only occupied, in the 
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first instance, by one battalion of infantry, four machine guns, 
and one battery; the latter was employed in dispersed sections, but 
was kept under one control. 

There was a double system of telephone communication between 
the various command posts and intelligence collecting stations 
(Meldestellen) ; and also to the advanced posts, to the commander, 
and to the reserve. The strength of the last named was one bat- 
talion ; it was at first judiciously stationed in rear of the right flank, 
but later, in view of the enemy’s preparations for a strong frontal 
attack, it was moved to a position in rear of the center. 

Blues were allowed plenty of time to strengthen their position ; 
they were thus able to dig deep trenches, and to construct command 
posts, gun emplacements, covered communications, screens and 
dummy trenches; wire entanglements and abattis of pointed bam- 
boos (the latter as dangerous in peace as 1n war) were also con- 
structed on a large seale. By 3.30 p. m. the defensive position had 
become a perfect specimen of the art of field fortification; the 
work had been well executed and the cover provided was good and 
substantial. Nevertheless, taken as a whole, the position suffered 
from the defect that the flank was too far advanced. In spite, there- 
fore, of all the local strength afforded by the wire entanglements 
and pointed bamboo stakes the flank was unduly exposed to an en- 
veloping movement. 

The effects of the orders issued by the Red commander for the 
further operations that afternoon began to be visible about 3.20 
p.m. These orders were as follows: 


RED. ORDERS FOR THE KIZU DETACHMENT. 
Hill 1 kilometer south of Matsui, 13th February, 2 p. m. 


1. The enemy is occupying a strong position on the Matsui- 
Nagao road extending for about 440 yards on either side of the 
column. Some reserves are in the neighborhood of the pond 550 
yards north of Nagao. The positions of his defences and outposts 
have not yet been precisely determined. 

2. To-day the detachment will maintain its present position, in 
rear of which the troops will bivouac. We will await the advance 
of our main army (which is to engage the enemy to-morrow) and 
then attack at daybreak to-morrow. 

3. The 2d Battalion 53d Regiment (less one company) will ad- 
vance on both sides of the valley and make good the ridge. 

4. The Ist Battalion 53d Regiment will hold the line from the 
mountain with the pinewood as far as the railway culvert near the 
tunnel. 

5. The cavalry will advance towards Matsui in the evening and 
will establish touch with our main army, which is advancing north- 
east of that place. 

6. The 1st Battalion 53d Regiment will protect the artillery 
position and bivouac. 
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7. The section of Pioneers is placed at the disposal of the Ist 
Battalion 53d Regiment, with which it will bivouae. 

8. The machine guns will remain in their present position. 

9. Supplies are being assembled at Matsui whence they will be 
sent up to the troops. Separate orders are being issued on this 
subject. ; 

10. My position is at the bivouae of the lst Battalion 53d Regi- 
ment. Issue of orders will be at 9 p. m. 


The first perceptible result of these orders was that between 
3 and 3.30 p. m., two or three Red companies advanced in the valley 
and along its northern edge against the weak spot at the northeast 
wing of the Blue position, and proceeded to outflank and enfilade a 
badly-sited fire trench. These companies had crossed 660 yards of 
extremely difficult ground in a remarkably short time; they were 
now taken in flank by the enemy’s guns, and, at the same time, 
were engaged by his reserve which had hitherto been stationed in 
rear of his right flank; they were therefore compelled to retire, but 
their daring advance taken in conjunction with the entrenching 
work which was being carried out by Red in front of the position, 
had the effect of drawing Blue’s attention more towards his center, 
in rear of which he now stationed his reserve. 

In the later part of the atternocn the Blue commander came to 
the conclusion that no fresh developments were to be expected on 
the 13th February, and at 5 p. m. he issued orders for the troops to 
bivouae on the position. 

Meanwhile the attacking side had been carefully entrenching a 
position in front (northwest) of the bend of the railway; the in- 
tention was, apparently, to deceive the enemy as to the real ob- 
jective of the attack; to occupy the position with the minimum 
number of troops, allowing the remainder to rest; and at daybreak 
to advance across some very difficult ground along the railway and 
thence against Nagao, in order to envelop the extreme right wing 
of the Blue Detachment. 

The activity displayed by Red in front of the position naturally 
had the effect of making some action in this quarter appear prob- 
able. Blue fell into the trap, but at the same time advanced a 
portion of his infantry line during the night, so that, in the morn- 
in, Red found the enemy in a different position from the one that 
had been reconnoitered the previous evening.* 

The Director was justifiably proud as he showed me over the 
Red entrenched position. The work had been executed with ex- 
traordinary thoroughness in a remarkably short time; the trenches 
* were well sited and every contingency had been provided for. The 
number of troops required to occupy the position had been reduced 
to a minimum; the remainder were accommodated in bivouacs 
nestling into folds of the ground in rear of the position. There 
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was a well-equipped observing station with telephone wires leading 
in all directions, where orders were being quietly given out for the 
next day’s operations. 

The orders in question gave a description, as full as was possible, 
of the enemy’s position, and dealt with the question of establishing 
communication with the left wing of the Red Army; they then 
continued as follows: 


“The Detachment will to-morrow deliver an enveloping attack 
against the enemy’s right flank. 

“The 2d Battalion 53d Regiment, with the machine guns, will 
advance at 5.30 a. m. to-morrow across the valley, and will draw 
fire from the position, keeping the latter under its own fire, and en- 
deavoring to attract as large a number as possible of the enemy’s 
troops to the front of the position; a detachment will attempt to 
capture the enemy’s battery. 

““The Ist Battalion 53d Regiment, with one section of the Pio- 
neers, will move at 5 a. m. by the valley east of Nagao, so as to out- 
flank the enemy’s right and attack him in rear. 

‘“Two companies of the 2d Battalion 53d Regiment will follow in 
rear of the Ist Battalion and will be at my disposal. 
~ “The eavalry will advance beyond Nagao and reconnoiter in 
front of our left flank. 

“The artillery will open fire at daybreak (as soon as the infantry 
attack begins) against the enemy’s right wing and against his 
muns,’* 


From 4 to 4.30 a. m. on the 14th February patrols could be seen 
working actively before the front and left wing of the Blue posi- 
tion. Nothing else was visible and the enveloping attack, which 
moved skilfully and silently across country, was unperceived; the 
proper working of the patrols in accordance with active service 
conditions was ensured by the presence amongst them of a number 
of young umpires. 

Blue was fully aware of the weakness of his right wing, and had 
spared no pains to strengthen it; nevertheless at 5.30 a. m. on the 
14th February the Red attack, advancing along the valley of 
Nagao (see Fig. 2, a-a-a) effected a complete surprise, and brush- 
ed aside all attempts at resistance. (The eastern sky was light at 
this time, but the lower ground was still wrapped in darkness. ) 
Blue had altered his line of defence in the night and had pushed 
out two companies of infantry and some pioneers some 200 yards 
to a small knoll which was favorably situated for defence. 

This unexpected alteration in the position caused Red some de- 
lay; the short burst of firimg gave a general alarm, and the co- 
hesion of the attack was destroyed. The Red attacking force en- 
countered the Blue reserve, which had been hurriedly brought up, 
near the four small ponds on either side of the road 500 yards 
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northeast of Nagao; hand-to-hand fighting would now have taken 
place right in the Blue artillery position had not the Directing 
Staff put an end to what had become an impossible situation. 

Information was now conveyed by the Directing Staff to the Red 
commander that his main army was retiring, and that its left wing 
would be occupied till the morning of the 15th in crossing to the 
eastern bank of the Kizu River near Kamitsungo. The Kizu De- 
tachment was to withdraw forthwith to the ground south of Terada 
(on the eastern bank of the Kizu River) covering the retirement of 
the left wing of the army and securing its left flank. (See general 
map, Fig. 1.) 

Reds were thus unable to profit by the advantage which they had 
just gained, though their success assisted them in the difficult task 
of breaking off the engagement. They retired, showing their teeth 
more than once, across their position of the day before, through 
Tanabe, to the fords of the Kizu, south of Tono and Mizushi. 

Blue now gained a little breathing space, and was in a position to 
comply with an order received from his main army, which read as 
follows: 

‘The Blue Army will reply to the Red attack by a counter-attack 
on the morning of the 14th; with this object all available forces 
will be set in motion simultaneously. The intention is for the 
army to cross to the right bank of the Kizu at and near Kamitsungo 
about the afternoon of the 15th. 

‘The Kizu Detachment will forthwith drive back the enemy op- 
posed to it, and will cross the Kizu River early to-morrow near 
Tono. It will then advance through Terada with the object of 
facilitating the passage of the river by the main army.’’ 


In accordance with these instructions Blue immediately gave 
orders for a pursuit. Three columns were formed, but they took a 
long time to get off and failed to ecoperate. The cavalry and one 
company of infantry moved out some way to the south across 
the Fujisaka-Tanabe road. Red’s retirement was, therefore, not 
closely pressed, and at Matsui, Asaoka, and Tanabe gocd oppor- 
tunities presented themselves for counterstrokes against the pur- 
suing force; by these means Red gained time to draw off towards 
Tono and to cross the river. 

The River Kizu was forded by the main body and the artillery 
south of Tono, and by the rearguard between Asasano and Mizushi. 
This was the first occasion on which troops had forded the river, and 
the achievement was only rendered possible by the unusually low 
level of the water. The actual depth in the rapid part of the 
stream was not more than 25 to 27 inches at the ford, but the bottom 
was partly mud and sand and partly loose boulders. <A careless 
step plunged a man up to the chest in the ice-cold water. The 
waves surged over the guns more than once. The pressure of the 
current was considerable, and the main branch of the river was 
quite 110 yards wide. 

The fording of this river in the middle of winter, as an incident 
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in a tactical exercise which had involved at least a third of the 
troops bivouacking in the open, must be regarded as a notable 
achievement. The chief difficulty for the vehicles, in addition to 
the steepness of the banks, was a deep channel which runs along 
the eastern shore; but all obstacles were easily overcome. 

The dykes on the east bank of the Kizu afforded Red a strong 
position; just south of Tono these dykes receded, thus enabling a 
battery to be brought into action. In this position Red was finally 
able to check any turther pursuit. As, however, the Red outpost 
line was now strongly established on the line of the river, it was no 
longer possible for the Blue cavalry and infantry patrols to cross 
the stream by daylight. 

Leaving the battery in its position, for the time being, Red now 
entrenched himself in a well-chosen position near Terada. (See 
sketch 2, Fig. 3.) The position extended from that place, which form- 
ed a point d’appw for the western flank, into the hills; the front was 
about 2,650 yards and was occupied by seven companies, eight ma- 
chine guns and six field guns; five companies and the pioneers were 
held in reserve. The Ist (skeleton) Battalion of the lst Regiment, 
which had arrived at Hirakawa, was placed at the disposal of the 
Red commander. 

The Blue Foree, which had reached the neighborhood of Tanabe, 
was likewise reinforced by the Ist Battalion of the 22d Regiment, 
which had taken up quarters for the night at Asasano. At 4 p. m. 
the Blue commander gave orders for the troops to occupy close 
billets in Tanabe. Outposts were pushed out as far as the left 
bank of the river, and touch was gained with the reinforcements at 
Asasano. 

The Blue patrols had ascertained that Terada was still oceupied 
by the enemy, and that hostile detachments were at Tono and Bi- 
wansho. The extreme flanks of the Red outpost line were located 
at Asajuroku and Mizushi. The Blue commander decided to cross 
to the eastern bank and attack the enemy early on the 15th; orders 
were issued for the assembly of the Blue troops at 4.30 a. m. at 
Tanabe and Takigi. 

The Red Foree finished entrenching by 6.30 p. m., and the 
troops went into close billets at Terada. An outpost company was 
pushed forward to Tono and another to Nagaike to watch the line 
of the Kizu. The Red patrols had found it impossible to eross 
the river in the afternoon, but it was established with the aid of 
telescopes from the hills near Terada that the Blue troops had 
entered Tanabe, but had not emerged from that place. 

The Red commander, therefore, issued the following orders for 
the next ee S operations: 


RED. 
Headquarters, Terada, 14th February, 9 p. m. 


1. No further news of enemy. The Ist Battalion 1st Regiment 
has been placed under my orders. 
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2. The Detachment will to-morrow hold its present position in 
order to cover the retirement of the main army. 

3. The cavalry squadron will move off at 4 a. m. to-morrow and. 
in cooperation with the outposts, will secure the passages of the 
river between Mizushi and Asajuroku, and establish communication 
with the main army, via Tsukahara. 

4. The cutpost companies will fire vigorously on any Blue troops 
attempting to cross the river. If compelled to retire by superior 
forces, the right outpost company will fall back first of all to our 
right flank, and then to the reserve; the left outpost company will 
fall back to the left flank of the position. 

5. At 5 a. m. to-morrow the outposts will re-occupy their day 
positions. The O. C. Ist Battalion 53d Regiment will resume com- 
mand over his outpost company as soon as the latter falls back 
from the line of the river. 

6. The Ist Battalion 1st Regiment will be assembled at 5 a. m. 
near the reserve. 

7. The baggage will be formed up at 6 a. m. in column of route, 
head at South-Hirono. 

8. I shall be with the reserve after 5 a. m. 


At daybreak on the 15th February Blue endeavored to ford the 
river in two groups, south of Tono and near Asajuroku. It was, 
however, 6 a. m. before the first troops crossed; endeavors made at 
4 a.m. met with no success, as the conditions had altered and the 
river was too vigilantly guarded. 

The Blue battery, which had come up to the river dyke southeast 
of Biwansho, was caught in a helpless situation by the fire of a 
company of Red infantry on the northeast bank, and was put out 
of action before our eyes. It was not possible for the battery to 
open fire rapidly on the narrow summit of the dyke with the teams 
in the intervals between the guns; the infantry escort remained 
under cover instead of replying to the enemy’s fire. The group 
which was intended to carry out the secondary attack failed in its 

task, and exposed itself to unnecessary losses. 

Meanwhile, however, the larger Blue group had forced a passage 
opposite Nashima in dashing style, wading through comparatively 
deep water and driving off the enemy’s outposts at that point. This 
success compelled the remainder of the Red outposts, who had 
hitherto held their ground, to fall back from the line of the river. 

By 7 a. m. Blue had obtained possession of Nagaike and Tono 
as points d’appui for a further advance. The battery was brought 
into action on the river dyke, near the road, to the south of Tono; 
the northern edge of Tono and a temple northeast of that place 
were occupied by two companies of infantry and by the pioneers, 
who had crossed with the guns. . 

The intention of the Blue commander was to attack through the 
wood with his right wing; with this object he organized his troops 
as shown in sketch 3, Fig. 3. 
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Too much weight was, however, attributed by Blue to the diffi- 
culties of crossing the somewhat swampy rice fields between Tono 
and Terada. As a result the frontal attack was not sufficiently 
pressed home, while a wide outflanking maneuver through woods 
and mountains to the eastward was undertaken by a force of ten 
companies. This maneuver did not long remain unperceived by 
Red, who left two companies and two machine guns in the eastern 
portion of his entrenched position and employed the whole of the 
remainder (ten companies of infantry and one of pioneers) in a 
vigorous offensive west of the railway, the machine guns advancing 
along the railway embankment itself. 

Two or three Blue companies attempted a counterattack out of 
the wood, but, taken as a whole, the Blue force had obviously got 
out of control in the wood, while, on the other hand, the Red 
attack was seen to be so well combined, and to be making such 
good progress across the rice fields and railway track that its sue- 
cess appeared beyond doubt both to umpires and spectators. 

I myself accompanied this attack on foot through the rice fields; 
at one moment we marched comfortably along dykes or over frozen 
places, at the next moment we sank waist deep; the dash and en- 
durance displayed by the troops in this advance was beyond all 
praise.” . 

At the close of the maneuvers the troops were still fresh, though 
they had not had their clothes off for four days. Not a single man 
had fallen out from the 19th Infantry Regiment and only a very 
small number from the other units. 

Operations had ceased at 9 a. m. The conference, which was 
long and exhaustive, was held on the dyke of Terada, in the Red 
position, at a point where a good view was obtainable; it was eon- 
cluded by 11 a. m. 

The 19th Infantry Regiment returned by rail to Tsuruga, arriy- 
ing at 11.30 p. m.; the remaining units returned to their stations by 
march route. The troops from Fushimi had to march 10 miles; the 
9th Regiment from Otsu, 14 miles; the 53d Regiment from Nara, 
12 miles. 


THE DIRECTOR’S CRITICISMS. 


A few of the most important points in the Director’s criticisms 
are given below: 

As regards the first day’s operations the Director criticised (a) 
the employment of the mounted troops as ‘‘ Independent Cavalry,’” 
a role for which they were numerically far too weak; (b) the dis- 
persion of the troops, on both sides, during the advanee, and (e) 
the notion apparently entertained by the artillery that they should 
only come into action when definite targets were visible. 

As regards the events of the 13th February, he spoke somewhat. 
as follows: ; 

‘“The retirement of Blue on this day was well executed, but de- 


*For Director’s criticisms on this day’s operations, see pages 666-667.—ED. 
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tachments should have been left in front of the position, for se- 
curity ; some such detachments were left, it is true, but they with- 
drew quickly on to the position itself. 

‘If yeur intention at the moment is not to strike a decisive blow, 
but to fight for time in which to strengthen your position, you 
must leave a screen of small detachments out in front, towards the 
enemy; these detachments must establish themselves at suitable 
points and keep off, or at any rate impede the enemy’s recon- 
noitering parties. There is, of course, one drawback to the use of 
these detachments, they may become advanced positions; but in 
mountain country like this that is a matter of no importance. 

“The Red side did not pursue with sufficient energy; they should 
have used their whole force, instead of employing isolated detach- 
ments. If Red had pressed the retirement vigorously Blue might 
have had great difficulty in reaching his position in the hills. 

‘In defensive positions in mountain country the question of fire 
at close ranges must be given the first place; fire at long ranges is of 
far less importance because the enemy will nearly always be able to 
get out of it in a short time.’’ 


The preparations made, by Red, during the night, for the attack 
on the morning of the 14th were completely approved by the Di- 
rector, who rightly attributed the successful execution of these 
movements—in spite of all the difficulties of the terrain—to the 
thoroughness of the training which the troops had received. 

On the other hand, some fault was found with the handling, on 
the same day, of the Blue reserve, on the ground that it was not 
used as a whole for a counterattack, but was employed to reinforce 
the front at various points. 

The further steps taken by both sides on the 14th (that is, the 
retirement of Red across the Kizu, and the pursuit by Blue as far 
as that river) were approved by the Director. His remarks on the 
last day’s operations are sufficiently interesting to justify me in 
giving the principal points verbatim. 


‘On the afternoon of the 14th the Red commander found himself 
compelled by the general situation and by the nature of the ground 
near Terada to act on the defensive. But, although the position 
was strong for defence and the tactical situation might have been 
thought to prescribe a purely passive attitude, the possibility of an 
active defence was by no means excluded. Our New Japanese 
Infantry Training inculeates the importance of being always on 
the watch for opportunities of taking the offensive, or of delivering 
a counterattack, even during the most passive phases of a defensive 
action. 

‘Tn this case such an opportunity was afforded by the woods east 
of the road; it was therefore a better plan to fix bayonets for wood 
fighting than to construct any number of trenches and wire en- 
tanglements. In wood fighting, as in night operations, events 
move rapidly; after a short or vigorous fire-fight the troops must 
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charge with cold steel; similarly provision must be made for launch- 
ing a counterattack. 

‘“‘The Blue attack on the last day was a failure. If you throw 
troops into a wood they are soon swallowed up in it and control is 
lost; the Blue commander only kept two companies at his own dis- 
posal, the whole of the remainder had been thrown into the wood. 

‘Tf the intention was to attack through the wood the enemy 
should have been engaged by at least one battalion on the front. 
Nagaike-Yono. I imagine that the reason for the plan of attack 
adopted was the belief that the rice fields were impassable; but 
infantry must be able to get over any kind of ground; certainly no 
ground which is capable of being traversed at all can be considered 
as affording protection merely by the difficulties which it presents. ’’ 


In conclusion, the Director was able to testify with justifiable 
pride ‘‘That both officers and men had maintained their zeal, un- 


daunted by the difficulties they had encountered, and had spared 


no exertions to render the maneuvers a success.’’ 


THE AUTHOR’S OBSERVATIONS ON JAPANESE TACTICS. 


The object, which was systematically pursued in these winter 
maneuvers, had been to employ the troops under the most varied 
conditions and at all hours of the day and night. 

The Japanese views on night operations, which are based on their 
experiences in the war, are, in the main, approved in our (German) 
army, and form the basis of the British instructions for night 
operations, and also of French military instructions on the subject. 
The Japanese instructions lay repeated stress on the importance of 
adapting all measures to the circumstances of the case; the dispo- 
sitions should be such as to compel the enemy to cross the sky- 
line ‘‘and show himself upright;’’ on the other hand, their own 
troops must stand up as seldom as possible. 

Troops should keep a little way off roads unless the latter are re- 
quired for purposes of movement; light backgrounds are to be 
avoided. 

By systematic training of the men’s hearing powers, frequent 
night operations, and inspection of individual units by night, the 
troops acquire a capacity for scouting in a noiseless, cat-like man- 
ner, which makes the work of Japanese infantry patrols as in- 
teresting to watch as the movements of a fox approaching its prey. 
Instinct and technical training work hand in hand. On one ocea- 
sion an attack, which was delivered at daybreak over difficult 
ground by six companies, advanced so swiftly and silently that 
some reserves, which were stationed only 200 yards away, were un- 
able to come up in time to assist in the defence. 

The most important lesson which I mastered during these winter 
exercises—a lesson of which I had learned something at the autumn 
maneuvers, and even before them—was in connection with that most 
important question of tactics—extensions under fire. 

The Japanese demonstrated with the blood of many of their race 
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that their divisions were capable of occupying areas and extents of 
front in battle to which their European opponents would not ven- 
ture to assign formations of less than an army corps; they have, 

therefore, come to assume both in the education of their officers and 
in the training of their troops that they can safely exceed, by a 

considerable margin, the extensions which are regarded as normal 
by their European instructors. We (Germans) may think they 
are wrong, but we must nevertheless assume that we shall be op- 
posed on a front of 1,550 yards of entrenched position by only four 
companies, four machine guns, and six guns employed in dispersed 
sections; or, on a front of 3,850 to 4,400 yards on the flank of an 
army, by only one division, which would nevertheless offer a very 
serious resistance. We ought, therefore, especially in view of the 
great expenditure of ammunition entailed by the increased range 
of modern firearms, to consider the matter impartially, and revise 
our preconceived opinions; or else we shall have to admit that 
a foreign army is superior in morale and fighting value to our own. 
There is no middle course if we propose to continue our policy 
of giving the doctrine of the enveloping attack the foremost place. 
in the training of our officers and men, and if we do not decide to 
adopt the doctrine of ‘‘penetration’’ as better suited to our dense 
maneuver and battle formations. The envelopment of these thin 
widely extended fronts, occupied by troops of a fighting value equal 
to our own, would, as a rule, be impossible in practice. 

The Japanese troops derive great help in carrying out this 
doctrine of wide extensions, not only from their morale and spirit 
of self-sacrifice, but also from their skill in making use of the ground 
and overcoming natural obstacles, and from their excellent training 
in close reconnaissance, as well as from their rapidity of movement, 
which greatly increases the value of the reserves. To these must be 
added their perfect mastery of the use of entrenching tools both in 
attack and defence* and the marvelous skill displayed, even by 
non-commissioned officers and men acting on their own initiative, in 
the application of field fortification. 

There is also something of an artist’s touch in the eye for ground, 
which enables the leaders to get the best value out of the use of 
field entrenchments, and in their capacity for passing with light- 
ning rapidity—undeterred by any consideration of the labor which 
has beén expended—from an apparently passive and apathetic de- 
fensive to an offensive of the most vigorous and active character. 
In this they are greatly assisted by the capacity of their infantry 
battalions, regiments, and brigades for covering distances of as 
much as 4,400 yards at a run. 

No labor expended on field works is considered as excessive, even 
if they are only likely to be required for a short time, or even 


*In this connection it must not be forgotten that the Japanese have a 
liberal allowance of pioneers; each division has a pioneer battalion of three 


companies. 
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when the men working on them are aware that they are merely in- 
tended to mislead the enemy. 

In spite of some mistakes, such as must always occur, it could be 
seen that the science of field engineering was thoroughly mastered, 
understood and intelligently applied by all ranks down to the indi- 
vidual soldier. Indeed, it was observable that as regards skill, theo- 
retical knowledge, and general method of setting to work, the indi- 
vidual Japanese soldier was better trained in field fortification than 
our own; the men were allowed considerable independence in the 
execution of details and in improvising makeshifts. 

The following are a few of the characteristic points which came 
to my notice during the maneuvers: 

(a) Defensive works visible from a great distance are, as a rule, 
assumed by the attackers to be dummy trenches, and no fire is di- 
rected against them, in the first instance, until it becomes evident, 
during the attack, that they are occupied. (Ail genuine works are 
tested beforehand, whenever possible, by the side which constructs 
them, to see if they blend well with their backgrounds, so that the 
real trenches are seldom visible from a distanee. ) 

(b) It is considered very unlikely that an attack at dawn will 
find the defenders in the same position as they were in when re- 
connoitered on the previous evening. By day, works with a wide 
field of fire are considered the best; by night, preference is given to 
those which compel the enemy to cross a skyline or to show himself 
against a light background. 

(c) No one shrinks from the labor of constructing two or three 
lines of defence, so as to allow for alternative positions in special 
circumstances (e. g., darkness, thick weather, ete.). 

(d) Two or three hours, even in complete darkness, is considered 
long enough to make ground, which affords ordinary facilities to 
the advance of an attack, practically impassable to the enemy; and 
this must be effected without letting the enemy know that there is 
any reason to modify the favorable reports received from his re- 
connoitering parties on the previous evening. 

(e) As regards entrenchments, whether in attack or defence, 
one line of resistance is preferred; this line must, however, have 
salients and reentrants, and contain gaps which are swept by fire 
from other points; it must present to the enemy’s reconnoitering 
parties an inaccessible zone of greater or less width, in which the 
defenders’ fire prohibits any closer view. 

Bodies of troops on the march are, as a rule, masked, at a distance 
of 550 yards, on either flank, by a screen of infantry patrols; these 
patrols have to cover a great deal of ground. 

(f) When the enemy has made all preparations for a formal at- 
tack, and ean be seen at nightfall entrenching and digging himself 
in, one should suspect a surprise attack will be delivered from a 
quite unexpected direction, most probably in some quarter—if 
such exists—where the difficulties of the terrain offer a deceptive 
guarantee of protection. 
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I have seen the Japanese infantry at work for a long time, but I 
have never yet seen the ground which they would fail to cross in 
the long run. The only reluctance they display—as a burnt child 
dreads the fire—is towards crossing open ground bare of cover. In 
such cases they prefer to go greater distances through marshes or 
forests. 

(g) It is a mistake to suppose that entrenching imposes more 
labor on the troops in the long run, than the attempt to dispense 
with it. 

When the sentries, pickets, and detached posts have been made 
secure behind entrenchments and obstacles, it is possible to practice 
the most extreme economy of force among the troops in rear, 
The latter, as well as the staffs, in their well-concealed bivouacs, eat 
bathe, rest, or carry on their work in complete tranquillity ; com- 
munication by telephone, flag, or lamp is established with neighbor- 
ing bodies of troops and with headquarters, and supplies of the 
simplest, though most serviceable kind are issued in ample quanti- 
ties. Troops were limited to the active service scale of luxuries, but 
these were made full use of; practically no restrictions were placed 
on the utilization of the resources of the theater of war. 

Though these maneuvers took place in winter the greater part 
of the troops bivouacked on three successive days; I think I now 
understand the attitude of the Japanese towards bivouacking. They 
regard it, in all its various graduations from bivouacking proper to 
close billeting, as a natural incident of field warfare at any time of 
the year. They do not like it—quite the reverse—but they treat it 
as an unavoidable necessity ; they make themselves quite at home in 
their bivouacs; they wash, unpack their kits, complete deficiencies 
from the baggage, which comes up just as it would in war, rest 
themselves thoroughly, and renew their strength. 

In our (German) army—to be quite candid—bivouacking is re- 
garded rather as a pause between two stages of the maneuvers, and 
not as an opportunity for a thorough rest; this is not looked for 
till the next rest-day in billets, upon which we are, in consequence, 
unduly dependent. 

The most brilliant achievement during these exercises was the 
fording of the Kizu River; this river seemed to me to resemble the 
Lech in strength and velocity of current while the volume of water 
on the day in question was like that of the Alz; the water was 
covered with ice, except in places where the strength of the current 
had prevented it from freezing. 

The stream was piled up to such an extent by the passage of the 
artillery that the waves broke over the guns; the gun leaders were 
harnessed in a simple and practical manner and the driving was. 
good and careful all the way across. At some places the infantry 
had to wade breast deep through the foaming current; at these 
places the men linked arms chiefly as a precaution against the 
giddiness to which some individuals are liable at the sight of swiftly 
flowing water. 

The dismounted company commanders of the infantry had to. 
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wade, as did the medical officers, pay officers, ete. Some mounted 
officers also waded through out of zeal. Fighting went on after 
the crossing was over, until the tactical situation allowed an oppor- 
tunity for the men to dry themselves and change their undercloth- 
ing, after which they went on outpost duty or into bivouac. 

The employment of dismounted company commanders—a plan 
adopted by Napoleon—appeared to me, in the light of these ma- 
neuvers, as a severe but eminently sound arrangement; it serves to 
bring out the hardiest and fittest infantry officers, and in cases 
(such as in pioneer battalions in this country) where there are six 
or eight horses available on the battalion staff to mount the officers 
if necessary, the system appears to be open to no objections. 

Very noticeable at these maneuvers was the active support given 
by the administrative authorities, as was also the interest displayed 
by all the schools. As early as the first issue of orders at Tamamizu 
we met the Head of the Administration (Regierungs prasident) of 
Kyoto, a very distinguished old gentleman speaking French and 
German fluently, who did not think it at all beneath his dignity to 
20 in advance with his councillors and officials and see that every- 
thing had been arranged for the troops. The Head of the District 
(Kreischef) and the official in charge of bridge construction (Fluss- 
bauchef) were present from 3.30 a. m., on a bitterly cold morning, 
on the day we crossed the Kizu. 

The schools followed the troops in the same way as is done at the 
autumn maneuvers, that is to say, each class devoted a complete 
day to following-some military movement which was going on with- 
in reach. Everything that was happening was carefully and pa- 
tiently explained to them; they were shown the field entrenchments, 
the bivouaes, ete.; they in their turn displayed the liveliest interest, 
which will not fail to bear fruit later on. The pupils of the 
Secondary School (Mittelschule) at Tono-Nagaike were also given 
leave to follow the exercises, and later to prepare a good reception 
for the Directing and Divisional Staffs at their billets. 

I feel that I can not conclude this report without some word of 
thanks to those through whose courtesy I was enabled to get so 
much pleasure and advantage from these maneuvers, and especially 
to the gallant commander of the division, whose kindness was un- 
remitting, and whose uppermost thought was that the guest of his 
army should see everything that was possible as far as was com- 
patible with the interests of his country. The Director also showed 
me the greatest kindness, in spite of the numerous demands on his 
attention, and his assistants were equally attentive. All orders and 
instructions were conveyed to me as early as possible, and any 
information which I asked for was promptly given. The civilians, 
both officials and people, also displayed a cordiality towards the 
foreign guest which far surpassed what is customary in our own 
country on similar occasions. 

Taken as a whole, these winter exercises, in spite of their modest 
scope, were the most instructive of any that I witnessed during my 
attachment in Japan. 
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Cross Sections of Break waters to Withstand Wave 
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-- Col. FREDERIC V. ABBOT 


Corps of Engineers; Member American Society 
Civil Engineers 


Two prime factors, exposure and cost, determine the best form of 
cross section to adopt for a breakwater. Exposure varies with the 
fetch of waves and with the depth of water at the structure and 
the front between it and the open ocean. At Charleston, 8S. C., 
with moderate depths and outlying shoal areas to break the full 
force of the ocean waves, a rubble mound eross section has served 
well for the jetties, built to deepen the channel, but serving also 
as breakwaters to reduce the force of waves in the jetty channel. In 
construction care was taken to avoid using small stone for a heart- 
ing and covering it with selected large stone, as has been frequently 
done in Europe. Run of the quarry was used up to about low 
water, the drilling and blasting being conducted so as to produce 
as large a percentage of stone of 7-ton weight as possible. Above 
low water level a skeleton was made of stone from 1 to 7 tons in 
weight dropped directly along the axis up to a height somewhat 
above high water level, and left with side slopes as steep as they 
would stand; this skeleton was covered with quarry run also dump- 
ed directly along the axis with natural side slopes up to a height 
of 10 or 12 feet above high-water.. The first heavy storm would 
knock this grouting and the upper part of the skeleton down, 
beating the smaller pieces in among the undisturbed larger pieces 
of stone forming the skeleton, and distributing the balance on the 
slopes. The grouting was then replaced to the former height, 
taking this time much less stone than at first, and a new storm was 
awaited. It generally proved to be necessary to repeat this pro- 
cess three times before the cross section assumed a final permanent 
form, with crest approximately at high water level. Writing from 
memory only, it is the writer’s impression that at the outer ends of 
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the Charleston jetties, 20,000 feet from shore, the mound was ulti- 
mately nearly 90 feet wide at mean low water with a crest about 
5 feet above; the crest, which was very smooth and level, was about 
two-thirds of the way from the seaward to the harbor side of the 
90 feet lying between low water levels on the two sides. At depths 
greater than 15 to 25 feet on seaward side, depending on the local 
protection afforded by outlying shoals, the slopes were nearly 1 on 
‘1, and from those depths to the crest the seaward surface was 
convex toward the sea, the slope becoming very gentle for the 2 
feet immediately below the crest. The upper surface was singular- 





Fig. 2. Sea face of western arm, Sandy Bay breakwater, looking east-southeast. 


ly uniform and smooth, considering the great size of many of the 
stones. The harbor side was similar but much steeper throughout. 
This form of cross section permits waves to mount the slope and 
fall over into the harbor with the least abrasion and injury to the 
structure, and it has resulted from the action of the very forces it is 
intended to resist. The engineer has simply supplied material, 
which waves have molded into final shape. The stilling effect of 
such a structure is not as great as that of one designed to throw 
the entire wave back to the front, but, except in very heavy weather, 
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the water between the Charleston jetties is not rough enough to 
inconvenience any vessel adapted to ocean traffic. An advantage 
of this method of construction is that each part of the structure 
has a eross section just sufficient for its individual exposure, and 
therefore no stone is wasted to give a section stronger than is 
needed; repairs are extremely easy if a shifting of the outer shoals 
exposes any part of the superstructure to heavier seas than existed 


there when it was built. The last stone was deposited on the jetties - 


about twenty years ago, and I am told that there has been no 
sensible degradation of the crest level in that time, although a 
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Fig. 3. Harbor side of Sandy Bay breakwater, looking south-east 
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number of West Indian hurricanes have passed over the harbor 
and done vast damage to the city and to shipping in the inner bay. 


The Galveston jetties were originally built with rather small stone — 


hearting covered with heavy stone sides and cap; the storm of 
1901 produced disastrous effects; as soon as the capping or side 
covering was broken the interior washed out and the whole strue- 
ture ravelled and collapsed for considerable distances. 

At the Columbia River jetties the exposure and outlying depths 
are so great that a random cross section somewhat similar to that at 


ses. 
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Charleston has so far proved impossible to maintain above mid- 
tide without using enormous quantities of stone. Failures prove 
more than successes, and it is possible that at that point some’ 
form of cross section like the Colombo sloping block or the Sandy 
Bay coursed squared stone might have been cheaper in ultimate 
cost. The preparation of a suitable flat base for such an accurately 
laid superstructure would, however, have been vastly difficult and 
costly on the Columbia River bar. 

At Point Judith, where the exposure is perhaps comparable with 
that at Charleston, a moderate rubble mound, with a superstructure 





Fig. 4. Western arm, looking north. 


of large blocks set to form a regular cross section, with predeter- 
mined surfaces of heavy rubble on the top and seaward side, has 
stood for years with comparatively small repairs, but when they 
have been necessary the regularity of the structure has made 
them costly because a number of stones, only slightly displaced, 
had to be taken up and reset to restore the bond and to avoid con- 
spicuous irregularities. Where lines are straight, or surfaces are 
planes, the eye is quick to detect any elevation, depression, or 
bulge, and this is a serious disadvantage of too regular outlines in 
breakwaters where the forces in action are so great as to make 
deformations probable. Where integrity of the structure depends 
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on bond or a smooth surface for waves to mount on, such deforma- 
tions are not only very unsightly but seriously impair capacity to 
withstand subsequent storms. 

At Gloucester, Mass., a very carefully built breakwater, with a 
superstructure of extraordinarily narrow cross section (side slopes 
of 1 on 0.7), has safely withstood storms of great severity and waves 
of great force, but the breakwater does not receive the unbroken 
force of the heaviest waves. It has recently received a wide sea 
apron of 5-ton rubble, to break up the force of waves before they 
strike the superstructure proper. In January, 1913, a storm moved 





Fig. 5. Sea face of western arm, looking north-west. 


a number of cap stones. They have been reset, and dowelled to 
the course below, to prevent sliding. 

At Sandy Bay conditions are extreme. For long distances the 
depth of water is 80 feet; the exposure is to the northeast, from 
which direction come the heaviest storms; there are no outlying 
Shoals to protect the part of the breakwater lying in the deepest 
water. A heavy rubble mound forms the base of the structure. An 
attempt to bring it up to 18 feet above mean low water (9.4 feet 
above high water) by simple heavy random blocks failed on the 
first attempt, and the experiment was not repeated. It is to be re- 
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eretted that it was not pushed further, for it is possible that ulti- 
mately, as at Charleston, S. C., a cross section would thus have been 
secured exactly adapted to the exposure. The depth is so great, 
however, that an enormous quantity of stone would have been 
needed to give sufficient base for the part affected by wave action, 
which here extends to 30 feet below mean low water, as shown by 
actual surveys. In designing a superstructure for this breakwater, 
all engineers have attempted to keep the width of foundation a 
minimum on account of the great quantity of stone needed to fill 
out the slopes of the substructure in 80 to 90 feet of water. From 





Fig. 6. Harbor side of breakwater, looking north-west. 


the bottom up to a depth of 30 feet below mean low water the 
mound stands stable with slopes of 1 on 1; from that level up to 
mean low water heavy rubble seems to stand safely at about 1 on 
2. The first experiment with closely laid, uncut dimension stones 
was to set by divers on the seaward side a row of heavy rectangular 
headers at level —12 referred to mean low water, and a similar 
row at level —6 on the harbor side, filling between the rows with 
medium heavy rubble. Successive rows of dimension stone blocks 
were laid on these foundation rows, so as to give a stepped seaward 
slope of 1 on 2, and a stepped harbor slope of 1 on 1 up to level +17, 
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where the two rows were only about 5 feet apart at the inner ends 
of the headers. Capstones, 20 feet long and 5 feet rise, were set 
to bond the two walls. This superstructure withstood several 
winter storms, but in 1908 displacement of stones (see the illus- 
trations herewith) showed that for a permanent superstructure the 
cross section was insufficient. 

The latest form is due to Col. Edward Burr, who kept the harbor 
side of the superstructure unchanged, except that the lowest course 
is now at low water and not 6 feet below. The capstones are as 
before, but each is supported against sliding toward the harbor by 





Fig. 10. Harbor side of western arm, showing dowel pins. 


a 2-inch dowel pin set in a hole in the underlying course of the 
harbor wall, and solidly grouted in place. Below the cap the sea-. 
ward face is built in steps sloping 1 on 1 and not 1 on 2, with the 
main object of giving greater lap of the upper stones on those in 
the lower courses, to resist the tendency to pull out to the front— 
the way in which the prior section failed most signally. In both 
harbor and land walls he stopped the dimension stone steps at mean 
low water in order to secure better inspection of the bedding of 
those most important blocks. The berm created by drawing back 
the foot of the seaward slope was utilized by using it as a shelf to 
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hold 10-ton rubble, which was brought up to high water level in 
front of the dimension stone. The rubble tends to shatter the waves 
before they reach the superstructure proper. 

In 1909 a short section of this new superstructure withstood 
almost unchanged the heaviest storms of the past twenty years, and 
in accordance with recommendations of the Department, Congress 
has appropriated sufficient funds to build 800 feet of this cross 
section, of which 200 feet are on the western arm, and 600 feet are 
on the southern arm. This will be a sufficient length to develop the 
full destructive force of waves to which the southern arm is ex- 
posed, and if it prove sufficiently resisting the rest of that arm 
ean safely be built to that cross section. There is an outlying 
shoal, submerged from 30 to 10 feet in local peaks, which gives 
that arm some protection. The western arm, however, crosses a 
wide, deep depression in which there are no depths less than 80 
feet between the structure and the ocean to the northward and! 
eastward; here the exposure will be the maximum, the fetch being 
the whole width of the Atlantic Ocean, and experience gained in 
the work will be the only safe guide for the officer charged with 
building the part of the superstructure opposite to this depression. 
The writer’s own inclination would be to make the superstrue- 
ture hke the rest of the work, if found practicable, but to widen 
out the berm and the rubble front slope by the deposit on that side 
of large quantities of the heaviest granite rubble that could be 
bought. | 

The writer believes that Congress has been wise in suspending 
work on the superstructure of Sandy Bay until such time as an 
exceptionally violent easterly storm of some days’ duration gives 
further data on the sufficiency of the present form, which has 
safely resisted all waves that have so far come against it. 
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BHullding a Ponton Bridge tn Swift Water 
Bix 


Cantrell = Er) Menon 
Corps of Engineers 


In the fall of 1912 the field instruction of Co. E, Second Battalion 
of Engineers, consisted in handling the ponton bridge material, in- 
cluding both reserve and hght equipages and trestles. Before be- 
oeinning this work a careful schedule had been laid out under the 
direction of the commanding officer of the Second Battalion of En- 
oineers, which, as stated below, was carried out with certain minor 
exceptions. 

The following description of the work is the report in full, made 
upon the completion of the work. 


I, ORDER OF INSTRUCTION. 


Laying out and explaining equipment, making lashings, loading 
and unloading wagons. . 
Transport one heavy division from depot to Merritt Lake, park 
and unload equipment. 
Instruction in rowing wooden boats—still water. 
Construction of bridges on Merritt Lake. 
“Transport light train to Merritt Lake. 
Assembling and dismantling canvas boats, and construction of 
bridge. 
Caulking wooden boats, as necessary. 
Transportation of bridge material to Missouri River at suitable 
place near old Kickapoo Ferry landing. 
Instruction in rowing and handling of single boats and rafts, con- 
struction of flying ferries, testing and placing of anchors. 
Construct bridge across main channel. 
Leave bridge in place and give instruction in duties of bridge 
cuards and maintenance. 
Dismantle bridge and get up anchors. 
686 
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Transport all material except canvas boats by rafts down river: 
to point near M. P. R. R. station. 

Return material to depot. 

Practice march of one week, including several crossings. 


The above scheme of instruction as first laid out was practically- 
adhered to, except that. there was no work with canvas boats on 
Merritt Lake, and the time intended for a practice march was. 
used in constructing a bridge across the river near the railroad 
station. 

The dates, inclusive of this instruction: September 3 to November- 
foe 12. 

Average strength of company, 121; average attendance at drill, 
4. 

The teams and teamsters were under control of the battalion 
quartermaster. 


II, RIVER CHARACTERISTICS, 


a. Stage: 10 feet above low water at Kansas City. 

b. Current: Maximum downstream current about 7 miles per> 
hour; upstream current in eddies, about 2 miles per hour. 

e. Depths: In eddies near concave banks, 20 to 24 feet; main 
channel, 6 to 12 feet. 

d. Bottom: Soft mud in eddies; hard sand in main channel. 
Bottom shifts rapidly; in two days a shoal 200 yards long and 2 
feet out of water was cut away and the depth of water increased to 
6 feet. In three days position of main channel shifted 600 feet, 
and water 18 feet in depth shoaled:-to 6 feet. 

e. Drift: Very little when river is going down, but a rise of 1 or 
2 feet releases large quantities. Drift is very hard to dispose of 
on account of velocity of current. 


LIT: HANDLING WOODEN BOATS. 


Crew of six men and one steering oar required. 

For work in swift current it is most important that bow of boat 
always be kept pointing almost directly upstream. 

Prineiple of flying ferry used in handling individual boats. 

In current up to 5 miles per hour, a good crew (7 oars) can row 
straight upstream or hold their own. 

In 6-mile current a good crew (7 oars) can row straight across. 
by using principle of flying ferry. | 

In swift currents, crews must use extreme care to keep well above. 
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the bridge to avoid dropping down on the bridge and swinging 
across the current. Small skiffs must also be handled with eare. 
A skiff held broadside on against a 4-mile current would be immedi- 
ately swamped. A ponton boat supported broadside on from down- 
stream side, as in laying across front of another boat, would be in 
great danger in a 6-mile current. 

In an emergency, due to shifting of main current, it was neces- 
sary to place several additional anchors. Skiffs were sent out well 
upstream, and an anchor was cast as skiff floated down. By hold- 
ing to anchor cable, skiff was let down to bridge with intention of 
allowing skiff to pass under the bridge between boats. This opera- 





Fig. 1. Looking toward Kansas shore; note swift current. 


tion was very dangerous, but was successful in most eases. In 
three cases the swinging of the boat from side to side, due to cur- 
rent, caused it to become caught on other anchor cables or bows of 
boats. In each case skiff was swamped, and crew saved themselves 
by clinging to pontons or bridge. In such eases it would have been 
impossible to have cast these anchors with ponton boats and pre- 
vented same from becoming lodged above the bridge. 

Crews had to be continually cautioned about keeping the bow of 
the boat upstream or approximately so. They almost invariably 
lost control of the boats when they pointed them downstream. The 
current would carry them 100 yards while they were turning 
around. With properly trained crews, rafts were handled as 


BUILDING A PONTON BRIDGE IN SWIFT WATER 689 


easily as single boats. They are, of course, much more stable than 
single boats, and rendered the work less dangerous. 


IV. ANCHORS. 


System of anchorage used was as follows: 

Several specially constructed anchors were made from railroad 
and old scrap iron—weight about 500 pounds. To these a spar 
float consisting of a 12 by 12 inch timber, about 14 feet long, was 
attached by a 14-inch steel cable 100 feet long. Other anchors were 
made by attaching three heavy ponton anchors tandem-fashion about 
15 ft. apart, using 14-in. steel cable and with floats attached as above. 








Fig. 2. Draw open; close view. 


Anchors were attached to the cable by using short lengths of cable 
and wire rope clamps. They were clamped to the cable, and not 
tied to it. This method was used so that, in pulling up tandem 
anchors by the winch, the anchors could be detached from the cable 
as they came up, without removing the cable from the winches and 
lessening the pull on the following anchors. This was found to 
work satisfactorily. The anchors were placed tandem fashion and 
considerable distance apart, so that each one could get a good grip 
on the bottom without interfering with the others. 

Each float had a loop of steel cable through its downstream end. 
Each ponton boat was provided with an extra Manila cable, having 


690 BUILDING A PONTON BRIDGE IN SWIFT WATER 


a large hook in the end, and as the boat dropped down alongside 
of the float no special difficulty was experienced in hooking the 
ponton cable to the loop on the float. 

These special anchors were cast in such position that the floats 
swung about 100 feet upstream from the bridge, and were spaced 
about one float to every three boats. 

Number of anchors required : 

Experiment showed that, in general, there was no difficulty in 
holding single boats and rafts of two boats with a single heavy pon- 
ton anchor for a short time. Only two or three instances occurred 
in which a single anchor was dragged by a raft. 

Additional anchors were placed as a factor of safety against 
shifting bottom and increased resistance, due to drift or weight 
of bridge. The average was about two anchors per boat upstream, 
and one anchor to each six boats downstream. 

Downstream anchors are necessary in swift currents to keep the 
bridge in proper ahgnment, prevent oscillation and to counteract 
the effect of strong winds upstream. 

It had been a matter of current belief that the anchors would 
travel downstream with the shifting bottom, but this was proven 
not to be the case. The downstream travel after the anchor was 
once well set was inappreciable, even where the depth of the 
river increased as much as 12 feet, due to scouring after the anchor 
had been placed. 

Casting anchors: 

The specially constructed anchors and most of the triple anchors 
were cast from two boat rafts. A few of the triple anchors were 
cast from single boats, but this proved rather inconvenient and 
somewhat dangerous, due to the amount of cable and possibility of 
its getting tangled up. 

On account of the nature of the bank at the first bridge crossing, 
it was found practicable to tow the rafts upstream with a team of 
mules; the vertical bank, with level shelf on top, was a natural 
tow path. 

The crew of the rafts consisted of about twelve oarsmen and 
several extra men to work the winch and to handle anchors. 

Single anchors were first cast at a suitable distance above the 
bridge, and the rafts were let down on these anchors to the proper 
place. The triple anchors were then thrown overboard, effort 
being made to get the three single anchors in line in the direction 
of the current, and properly placed. By pulling upstream, slack- 
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ening the cables and rowing down hard with the current and bring- 
ing up short on the steel cables, the triple anchors were stretched 
out and each one given a grip on the bottom. The raft was then 
pulled upstream over its own anchor and the single anchor 
pulled up by hand or by winch when necessary. Single anchors 
could generally be pulled up by six or eight men if the anchors had 
not been in over an hour or two or had not buried themselves. In 
the latter case it was necessary to use the winch. 

This was an ordinary horizontal four-man affair lashed to the 
balk near the center of the raft. 

It was found necessary to place the winch so as to get a vertical 





Fig. 3. Note system of upstream anchors. 


pull from a point about 2 or 3 feet forward of the center of the 
raft. This permitted the use of practically all the buoyant power 
of the raft and also allowed the raft to swing free with the current, 
at the same time keeping the bow upstream. 

By anchoring a considerable distance upstream and using long 
cables, 1t was practicable to cast two sets of triple anchors from 
the same raft by utilizing the effeet of the current to swing the raft 
sideways. 

Single anchors were easily cast in the swift current from single 
boats by using care in letting the boats drop downstream, stern 
foremost, and keeping the boats under control of the cars. 
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Sometimes two separate anchors were cast from one boat by first 
casting one anchor well upstream and, after pulling back upstream 
on its cable, casting the other anchor from the opposite side of the 
boat. 

Downstream anchors were cast by towing boats out along down- 
stream side of bridge, letting the boats downstream to east the 
anchors, and then pulling them back to proper position in the 
bridge. 

As before stated, about one downstream anchor was required to 
every sixth boat. In one case the downstream anchor cable was 
left fastened to the draw span, which had been removed from its 
place and attached to the shore end of the bridge. This left the 
last ten or twelve boats of the main bridge without a downstream 
eable. This part of the bridge had been built with extended in- 
tervals, and consequently was not very stiff. A strong wind from 
downstream (estimated at 20 miles per hour) carried this portion 
of the bridge upstream past the floats and anchors until some of 
the anchor cables were pulling downstream. The movement up- 
stream was about 50 feet, and made a considerable bend in the 
bridge, which moved up and down stream with the wind. The 
current at this place was at least 4 miles per hour downstream. 
It was readily prevented by a single downstream anchor, showing 
that the effects of a 4-mile current and a 20-mile wind are approxi- 
mately the same. 

At certain places, both up and down stream, anchors were re- 
quired for each boat. Shoals formed in a very few minutes, and 
the current would change from 4 miles downstream to 2 miles 
upstream in the same time. 


V. CONSTRUCTION OF BRIDGES. 


The first bridge was 934 feet long and was placed across the 
main channel of the Missouri River. Fifteen canvas and thirty- 
two wooden boats were used. The bridge was constructed by a 
detail of fifty-four men of Co. E, Engineers, and thirty men from 
Co. M, Engineers, in eight and one-half hours. All boats were in 
the water, and the reinforcing anchors had been already placed. 
This bridge was dismantled in four hours, leaving the boats in the 
water. 

The second bridge was 1,410 feet long, including a pile approach 
128 feet long built by Co. G, Engineers. Twenty-four canvas 
boats, one steel section boat, five trestles and thirty-six wooden 
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» boats were used. About fifteen bays were constructed with extend- 
ed intervals. The bridge was constructed by Co. E, Engineers 
(average number of men at drill, about 80), in fourteen hours, 
with the assistance of details from remainder of battalion for about 
two hours. 

The usual working details, were made, except two extra cable 
men and an extra detail to follow along and tighten anchor cables 
and bail canvas boats where necessary. 

Bridges were constructed of successive pontons, as being the only 
practicable method. Rafts of chess and balk were towed out alone 
the downstream side and lashed to the bridge at the near edge of 
the main current. This saved a carrying distance of some 600 
feet. 7 . 

The canvas boats were used near each shore where the current 
was moderate. At the longer bridge it was necessary to use all 
boats in Engineer Depot, with five Birago trestles additional. The 
trestles were used to eross a shoal about 400 feet out from shore. 
This shoal was formed of Missouri mud, covered by a layer of well- 
packed sand about 1 foot thick. Depth of water was 6 inches to 1 
foot. Single balk were lashed just above the trestle shoes from 
one leg to another across direction of bridge. This developed 
sufficient bearing power, so that there was no appreciable sinking 
of the bridge in carrying material back and forth. At one time I 
saw one trestle supporting the weight of twenty-two men. By 
lashing more balk to the trestle legs, the bearing power could have 
been increased five or six times. I believe that at this particular 
place ordinary army loads could have been taken over the bridge 
by this method, although my own weight would force a boat hook 
through the layer of sand and out of sight into the mud below. 

This shoal was out of the water about half the time. Due to 
shifting of the main current after trestles were placed, the shoal 
was partly washed out, and it was necessary to replace three of the 
five trestles with canvas boats. 

There were several canvas boats in place beyond the trestles, 
and when the current shifted these boats were left in rather swift 
water, with current estimated at 7 miles per hour. No difficulty 
was experienced, however. Heavy anchors had been used for these 
boats, and several extra anchors were placed by using skiffs as 
before mentioned. All anchor eables were transferred from the 
ponton transoms to the floor of the bridge itself and were tied 
around the upstream balk and side rail. This permitted the can- 
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vas boats to ride freely without dipping their bows, and it also 
forestalled the breaking or pulling out of transoms. (See fig. 4.) 

No special difficulty was experienced in the construction of the 
bridge as such. In shoving off each boat, it made matters much 
easier to shove off the bow first and then let the current do the 
rest. When the stern was shoved off before the bow it was very 
difficult to get the bow out, and it had to be held out while being 
lashed. This, however, was a special case, due to the oblique eur- 
rent towards near shore after shifting of the channel. 

About fifteen bays were built at extended intervals. This made 
the bridge rather weak laterally, but lessened the resistance to the 
current. Lack of equipment made this expedient necessary. 





Fig. 5. Bridge, 1,410 feet long, with trestle approach, 


A draw span of two bays was built in the bridge and operated. 
It was not dropped downstream and swung around on account of 
the strength of the current, but was merely dropped down and tow- 
ed along the bridge. 

Reinforeing triple anchors were used for the boats adjacent to 
the draw. : : 

All canvas boats were towed along downstream side of the bridge 
and were never permitted to become detached. Anchors were cast 
and pulled up from wooden boats. 

The most difficult part of the bridge was placed in a downpour 
of rain and sleet. 
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The tendency to underestimate distance from head of bridge to 
far shore must not be forgotten. If the bridge is being built for 
actual service, it is a safe plan to bring up several extra boats and 
the corresponding material. This. tendency to underestimate dis- 
tance seems to be nearly universal. I have seen officers make such 
mistakes as ordering up four more boats when seven were required. 
] saw another officer at.one time, while a regiment of cavalry and 
two batteries were being held up during a march in maneuvers, 
make the mistake of ordering no more canvas boats put together and 
brought up when the distance from last boat to shore proved to be 
2 feet greater than the balk would span. This caused a clear de- 
lay of nearly fifteen minutes. Other. troops become very eritical 
while they are being held up and awaiting completion of a bridge. 

It should also be remembered that seven balk should always be 
used for spans of more than 20 feet. 

Flying ferry: 

A flying ferry was built at the second bridge, and proved 
of great assistance throughout the work. The anchor eon- 
sisted of a set of triple anchors. The cable was held entirely out 
of the water by using wooden pontons as floats and having the cable 
passed’ over a tripod built of round timber lashed in position near 
the bow of each boat. This permitted the boats to pivot and swing 
with the current, so that they offered but little resistance to the 
current. Using a 600-fcot cable and a two-bcat raft as ferry, we 
got a swing of about 800 feet, or about the width of swiftest water. 
The cable was of sufficient length to permit the ferry to swing along 
the line of anchors. This ferry raft was also equipped® with a 
winch, 

“An attempt was made to use the three sections of a steel boat as 
floats, but the middle section was swamped at the first attempt. 
The other two sections were placed together and used as a boat in 
the bridge. 


VI. MAINTENANCE OF BRIDGES. 


The first bridge was left in place two nights and one day; the 
second, three days and nights. The guard consisted of one officer, 
three non-commissioned officers, and twelve men. Their duties 
were such as may have been expected. It was endeavored to keep 
about equal tension on all anchor cables. The principal trouble 
came from drift. ’wo large trees had to be cut up and passed 
under the first bridge, and three large trees under the second 
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bridge. All of these came at night. One tree covered five boats 
in the main channel. It was 3 feet in diameter at the butt. By 
using extra trestle chains and with balk as levers it was lifted partly — 
out of the water and cut up with axes and saws, and then passed 
under the bridge. The effect of such work on a dark night with 
several thousand dollars worth of bridge equipment at stake can 
readily be imagined. No soldier who served his tour on this bridge 
will ever forget some of the duties of a sentinel. 


VII. DISMANTLING BRIDGES. 


No special difficulty was experienced in dismantling bridges, 
other than in getting up the anchors. Due to shifting bottom, many 





Fig. 6. Building portion of bridge with canvas boats. 


anchors cast in 18 feet of water were found buried in 12 feet of 
hard sand bottom, and could not be pulled up. Winches on rafts 
as above deseribed, were used. The best results were obtained by 
gradually straining the cables to their limit and keeping up this 
tension as the anchor became loosened and came up through the 
sand. A sudden pull only sueceeded in breaking the cables. 

No difficulty was experienced in getting up anchors that had not 
been in but a few hours, or had not become buried deep in sand 
bottom. 

VIII. EQUIPMENT. 


The action of the reserve and advance guard equipage under 
stress was all that could have been desired. 
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Both bridges could readily have been constructed without any 
extra equipment except cable and anchors. Personally, I can not 
agree with those people that say our ponton equipment is behind 
the times, and cite as evidence that it is just the same as used 
during the Civil War. To my mind, its continued and satisfae- 
tory use during those campaigns is the very best argument in its 
favor. It should be considered also that no extensive improvements 
have been suggested. There is plenty of suitable timber left, and a 
reasonable effort would obtain it. 

For poor timber, I believe that all boats should be built as de- 
signed by Maj. Lytle Brown, Corps of Engineers, and built at the 
Engineer shops at Fort Leavenworth. This boat was built on the 
same lines as other boats, except that for the sides and bottom two 
layers of 14-inch plank were used with a single thickness of heavy 
canvas between. This kind of boat does not require any caulking, 
and with poor timber the knots in one board can be so placed that a 
sound portion of the other board will be underneath. I believe it 
would be still better to reduce the width of these strips one-half and 
give the canvas a coating of tar. Reducing the width of the strips 
one-half would lessen the width of the cracks due to shrinkage. A 
boat, as designed by Major Brown, was in use the entire time, 
during which there was no leakage. 

It is undoubtedly the best boat in the equipment. 

It is regretted that time was not available for trying out the 
different forms of trestles on hand in the Engineer Depot. 


IX. WOODEN UV. STEEL BOATS. 


There is no question but that steel boats can be designed, both 
solid and sectional, that will give good service under nearly all 
conditions. The one-section boat and the three-section boat now 
at F't. Leavenworth are usable. There is no appreciable difference in 
the handling of these steel boats and the wooden boats, and no appre- 
ciable difference in weight. The steel boats lack stiffness, but this is 
no great disadvantage, and can be remedied by strengthening the 
gunwales either with wood or steel. I believe, however, that the prin- 
cipal argument in favor of the steel boat is that after a little ex- 
perimenting, specifications can be drawn up so that in emergency 
these specifications could be sent to steel mills and boats construct- 
ed by the hundred while our depots were building one wooden boat. 
Steel boats rust badly, and as now constructed I do not believe their 
life would be over five years. The principal, and to my mind the 
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determining, argument in favor of the wooden boat is that it will 
always float. J should hesitate to ferry troops across a bad river 
in a steel boat. Men ean cling to a wooden boat where there would 
be no hope with a steel boat. Considerable difficulty would be ex- 
perienced in raising a sunken steel boat. It is possible that artil- 
lery fire could put steel boats beyond immediate repair, and might 
sink the bridge. Troops could cross a bridge of wooden boats, even 
if all boats were filled with water. Work on the Missouri River has 
created in me a strong inclination to remain always near something 
that will float. This applies to balk as well as boats. Had we been 
using steel boats during the construction of these bridges, two of 





Fig. 7. Bridge completed and in use; note draw span just being closed. 


them would have been lost, as was the middle section of another. 
I should like to see ponton boats built of wood as long as any wood 
lasts. In time of emergency, if wooden boats can not be furnished 
rapidly enough, then, of course, steel boats have their place. In 
designing steel boats, we need not be too particular. Almost any 
boat along the general lines of the wooden boat will do. If they 
are at the right place at the right time, there will be no difficulty 
in using them. | 


Additional equipment is recommended as follows: 
One 20-horsepower gasoline launch with wineh attachment for 
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each ponton train. Also, one four-man force pump with hose at- 
tachment for water-jet for each ponton train. 


X. TRAINING FOR BRIDGE WORK. 


Very little training is necessary for the company as a whole. I 
do not believe that a company need be detailed permanently as a 
ponton company. After seven days of rowing around, Co. EK, En- 
oineers, built the first bridge across the Missouri River. The only 
ponton work before this, since 1908, consisted of a few days of 
ponton work in the Philippine Islands in 1910. If enlisted men 
are to act as teamsters, they should have considerable training, 
Otherwise, nearly all the training should be given to the officers and 
a few of the non-commissioned officers. The actual construction of 
a bridge is only a minor detail. 

The important things to be considered are: Being able to get 
the equipment through a campaign in good shape; to get the equip- 
ment at the right place at the right time; to select the best place 
of crossing tactically and physically; to determine accurately the 
material required or makeshifts necessary, and to be able to get it 
started promptly. 

Sometimes it takes longer to build the approaches than to build 
the entire bridge, and again, the first trestle will cause a long de- 
lay. All young Engineer officers should receive training in hand- 
ling the equipment under many different conditions, and not base 
their judgment on work in still water with fixed abutment sills and 
known distance. I believe that most complaints about our equip- 
ment, and statements that it 1s out of date, come from lack of 
practice in its use. 





Che Australtan Militia Spstem™ 
ate 


Capt. W. G. CAPLES 
Corps of Engineers 


In December, 1909, Australia adopted universal compulsory mili- 
tary service, but modified the European system to meet the needs of 
a country which relies upon the militia system. While we are con- 
tending with the problem of a force for national defense and talking 
of forces and organizations, that we know shall be needed but have 
not, the example of Australia is well worth consideration. It is a’ 
well established principle of modern armies that voluntary enlist- 
ment is a failure and the national defense can be secured only by 
compulsory service. An equally well established principle is that 
the service must be universal else the fate of a nation is decided by 
the fate of a very small share of its potential strength, and disaster 
is foolishly courted. 

Under the Australian law all male inhabitants, resident for six 
months in Australia, are registered for military service upon reach- 
ing fourteen years of age. Only those who are British subjects 
receive training. 

Training commences with the school children. All boys between 
the ages of 12 and 14 years are listed as Junior Cadets and receive 
annually 90 hours training, the object of which is to develop them 
physically and prepare them for the military service which follows. 
Two years of this training are required. Many of those who train 
will fail to pass the doctor when examined for military service, but 
the cost of the training is not lost for it must have its effect in 
improving the race. Since the government lacked authority to 
compel the school teachers to give the training, the latter were 
exempted from all other military duty if they did give the training. 
This exemption from military duty has worked satisfactorily. In 
the United States, the Congress has power to compel this training to 


*With comments on its application to our country. (From data in the 
Commonwealth Military Journal for July, 1913.) 
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be given, under its general authority to raise armies, but some con- 
cessions to those who give the training would help to insure its 
efficient conduct. 

Under the Australian law the ninety hours’ annual training is. 
distributed as follows: 


(a) Physical training, not less than fifteen minutes per day, and. 
any two of the following subjects— 

(b) Marehing drill (practically infantry squad drill). 

(c) Miniature rifle shooting. 

(d) Swimming. 

(e) Running exercises in organized games. 

(£)™ First aid: 


Standards are set for each and inspections are made. The objeet 
is to produce collective efficiency, so that the mere expert may help 
the others and avoid specialization in show pupils. 

No uniform is worn by Junior Cadets, but a certain proportion 
of the teachers are granted honorary commissions. The government 
allows $1.00 annually for each pupil to the schools to provide for 
the maintenance of equipment, cost of ammunition, and other 
necessary expenses. Miniature rifles are loaned to the school if de- 
sired. 

The same system could be applied to advantage in our schools, 
while the expense could be met by a small extension of the income 
tax. 

When a boy has passed through his service as a Junior Cadet he 
is passed to the grade of Senior Cadet, where the instruction now 
becomes military. The boy is registered at the beginning of the year 
in which his fourteenth birthday comes. Registration papers are 
obtained at all postoffices and the boy now comes under the’ juris- 
diction of the Area Officer, to whom the registration papers must be 
sent. The Area Officer arranges for the medical examination, has 
all boys who pass measured for uniforms, and, in localities where 
naval training is conducted, sees that the naval authorities have 
facilities to select their annual requirements. The pick of the boys 
are given to the navy, since the navy is recognized as the first line 
of defense. The navy is manned by a pérmanent personnel, but 
three thousand boys from port towns are trained as Senior Cadets 
and then pass into the Militia Naval Reserve for a period of seven 
years’ training. Australia’s conditions are the same as our own, 
and her system is peculiarly applicable to our requirements. The 
training of boys in this manner will go a long way toward obtaining 
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a merchant marine and stopping the drain now imposed upon our 
resources by shipping in foreign vessels. 

Some parents object to the registration just as some people object 
to compliance with any law, but, as a general rule, parents are only 
too glad for the boys to get a little discipline and the boys equally 
glad to get a uniform and a gun. About 7.5 per cent are rejected 
after medical examination. 

The Senior Cadet service covers four years and is intended for 
boys from 14 to 18 years of age. The annual training includes 
four whole days, twelve half-days, and twenty-four night drills 
(quarter days), aggregating 16 days. 

A boy passes to the grade of Senior Cadet on July 1 in the year 
when he becomes 14 years of age, is given his uniform and record 
book, assigned to a company, and allotted his arms and ammunition. 
He becomes subject to military discipline and is made to recognize 
that he forms part of his country’s military system. 

The Senior Cadet companies consist of 3 officers, 5 sergeants, 4 
ecorporals, and 108 privates, but may be of less strength in the 
smaller localities. All the companies in a battalion area form a 
battalion, but the training is essentially company—the battalion ap- 
pearing only for oecasions of ceremony. Senior Cadets attending 
school are formed into companies in their schools. The record 
book contains all the rules and is intended to cover a boy’s military 
history until he is 26 years old. The book informs the boy that he 
must have eleven proficiencies recorded before his military service 
ceases, and advises him of the rewards for merit and the results of 
failure. 

The minimum number of drills annually required by law are: 4 
whole day drills, 4 hours each; 12 half day drills, 2 hours each; 24 
night drills, 1 hour each. Drills are not lmited to the minimum 
duration, and many additional voluntary drills and parades are 
provided. If a cadet misses a drill, without permission, he must 
attend two extra drills as punishment. 

The training is limited to physical drill, company, and a little 
battalion drill, company field-training, and target practice at bulls- 
eye and figure-targets up to 400 yards. At the close of the training 
year, companies are inspected and those members who fail to be 
declared proficient are required by law to serve an extra year. Not 
until a man has been declared proficient at eleven annual inspec- 
tions does his active service cease. An incentive lke this would 
work wonders with our militia. 

The annual allowance is $100 for each locality plus $0.50 for- 
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each Senior Cadet, plus 150 rounds of ball ammunition for each 
boy. Extra ammunition may be purchased. Each officer receives 
from $15 to $35 to cover his expenses. Arms and equipments are 
kept at company storehouses. The uniforms, consisting of campaign 
hat, flannel shirt, breeches, and leggins, are suppled by the govern- 
ment. If the system were applied to our country, shoes issued at 
cost would have to be supphed also. Officers receive the same uni- 
form and an additional allowance at public expense. 

Training is encouraged by competitions of teams of 1 officer, 
2 sergeants, 1 trumpeter, and 40 rank and file from different 
companies, in the whole scheme of instruction, including shooting, 
physical drill, close and extended order, and ceremonies. Each 
company sends a team to battalion competition. The arrangements 
may be made by the military authorities, but local citizens are 
encouraged to help make arrangements and conduct the competition. 
All athletic games and sports are encouraged. The best team from 
each battalion takes part in the brigade competition, and the best 
team from each brigade in the district competition. The winning 
team of the district is awarded a silver medal for each man and 
sent to the commonwealth competition, where the winning team 
receives gold medals: The government pays the cost of the main 
competition, which is considerable, but the extra efficiency gained 
is said to be well worth the expense. The expense of battalon 
competitions and athletic games is covered by charging admission. 

At the close of the training year in which the Senior Cadet 
becomes 18 years of age, he is brought before the medical examiner 
of the area and examined. Here he is rated as: 

(1) Fit; height, 5 feet 4 inches; chest, expanded, 33 inches; 
eyesight, normal. 

(2). Conditionally fit; 5 feet 3 inches; chest, expanded, 32 inches; 
eyesight below normal. 

(3). Temporarily unfit. 

(4). Unfit. 

(0). Not substantially of Huropean origin and descent; or hay- 
ing religious scruples against service. 


Class (1) passes to the militia. Class (2) does the same if there 
are vacancies, otherwise are retained for a year in the Senior Cadets. 
Class (3) is retained a year in the Senior Cadets. Classes (4) 
and (5) are exempted, but men of class (5) physically fit are 
allotted to non-combatant duties instead of being wholly exempted. 
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About 16 per cent are rejected annually after the physical exami- 
nation. 
The following are temporarily exempt: 


(a) Those living more than 5 miles from training places, or in 
exempt districts where the population is so sparse that training can 
not be carried on. 

(b) Sehoolmasters in charge of cadets. 

(c) Members of the regular forces. 

(d) Theological students. 

(e) Those temporarily unfit as result of medical examination. 


There are no absolute exemptions, except for physical unfitness. 
The Australian proposes to have a white man’s army and excludes 
all others in computing his fighting forces. Out of a white popula- 
tion of about 4,500,000, Australia will have 100,000 Senior Cadets 
between the ages of 14 and 18 years, and 128,000 militia between 
the ages of 18 and 25 years. If the same system were applied to the 
United States, we should have about 2,000,000 Senior Cadets and 
2,960,000 Militia. Even though the forces might be only militia, 
they would. be entirely too large to encourage any invasion of our 
territory. 

Under instructions from the district commanders, the brigade 
majors (adjutants in our army), assisted by the area officers, allot 
recruits to the various arms according to the following minimum 
standards : 























Arm. Height. Chest, expanded. Eyesight. 
| “* we Inches. | 
Garrison Artillery = creas ia e 34 | Normal. 
Medicalecgrpe Bes 33 _ Normal. 
Engineers, Field Artillery, Cavalry, | | 
LCE pt Of a en 5c4" ag | Normal. 
Army Service Corps 22__- ne 5’ 4" 33 Below normal. 
Drivers, all arms, Ist line transport__| 5’ 3" 32 Normal. 
iin ter pees 2-2 | 55" a6 | Below normal. 
All other corps, drivers of 2d line | 
transport of all arms, men allot- | 
ted to clerical duties_._________ e513" 32 Below normal. 





Men are assigned to cavalry only if able to furnish a horse of 
suitable type. The allotment is completed in time for transfer on 
July 1 (midwinter). 

The annual training is twenty-five days for the Navy, Hngineers, 
and Artillery. Of this period, for the latter two, seventeen days 
must be in camp. For all other arms the training is sixteen whole 
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days, of which at least eight must be in camp. The period of service 
is seven years for all arms or until eleven proficiency credits (in- 
cluding those as Senior Cadets) have been received at the annual 
inspections. The ages for service are from 18 to 26 years. 

Previous to the law compelling service and efficiency, Australia 
had the same militia system and the same lack of efficiency and 
other troubles that we have with our militia. It must not be over- 
looked that under the new law the militia 1s national, not state. Our 
state system is the greatest defect with our militia system. 


The militia training is carried out along the same lines as the 
training of regular troops. Target practice takes place on Saturday 
afternoon, each locality having a target-range near it, although 
Australia has cities larger than St. Louis and Boston. Cavalry 
supply their own horses or are transferred to dismounted branches. 
Hield artillery are suppled with horses by the government. When 
not needed by the field batteries, these horses are available for work 
of schools of instruction or other mounted units. For other arms, 
horses are hired as required. Australia is rich in horses, having 
one to each two white inhabitants, but it is proposed to improve 
the breed of horses and possibly establish a government breeding 
station. 

For the encouragement of training, competition is carried out in 
all arms as with the Senior Cadets. How much better is this than in 
our army, where competitions are limited to target-practice and 
specialization is encouraged! The pay is $0.75 per whole day for 
each soldier ($12 annually of other arms, and $18.75 annually for 
Engineers and Field Artillery) the first year and $1.00 per whole 
day in succeeding years ($16.00 annually for other arms, $25.00 
annually for Engineers and Field Artillery). 

Officers and sergeants receive higher pay. <A sergeant gets $2.50 
per whole day, a Heutenant $3.75 per whole day, and other grades 
are paid in proportion. The maximum annual pay is for the mini- 
mum number of whole drill days. In certain cases, an allowance 
is made for the support of families during the absence of the head 
on military duty. 

Militia are subject to the same rules as regulars, but the seale of 
punishment is lower and serious offences are left for trial by civil 
courts. 

No liquor is allowed to militiamen on duty, and officers are pro- 
hibited from having it at places where militia are training; the fine 
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for supplying it to a militiaman is $50. <A similar law would find 
200d use on our statute books. 

Religious scruples are carefully respected, and basphemous and 
obscene language, indecent and immoral conversation are pro- 
hibited; and the rule is reported to be enforced. 

Clothing issues are regulated on a scale which will keep each 
soldier supplied with 1 campaign hat and ornaments; 1 flannel 
shirt; 2 pair of breeches; 1 pair of leggins; 2 pair of shoes; 1 cap; 
1 overcoat; 1 kit bag. Officers and certain non-commissioned 
officers receive a cloth coat and trousers in addition, and officers 
¢«ertain other articles for full dress. 

The garments are of a universal pattern, the arms being distin- 
guished by the color of the hat band. 

All promotions are made from the ranks and based upon competi- 
tive examination of a practical character and are, as far as possible, 
oral, the only written work being such as the candidate would have 
to carry out in the rank for which he is being examined. This system 
holds good from corporal to captain. Above captain, the practical 
examination counts two-thirds. All promotions are competitive 
and from the next lower grade. All officers are required to serve 
twelve years as an officer. 

Schools of instruction are held at many places at which contin- 
uous training is given from one to four weeks. There is no extra 
pay for attendance, but quarters and messing are provided free. 
Here the ambitious prepare for promotion, which is said to prove 
sufficient incentive to secure attendance. The necessary books are 
provided free. 

A maximum length of service is provided in each grade and, if an 
officer fails to be promoted within that time, he is transferred to an 
unattached list. These periods are five years as heutenant, four 
years as captain, three years as major, and three years as lieutenant- 
colonel. This system gives a large reserve of somewhat trained 
officers. It is computed that in each battalion there will be annually 
two vacancies for captain and six lieutenants to compete. ‘Two will 
be promoted and retained, two promoted and unattached; what 
becomes of the other two is not stated. Unattached officers complete 
their service as officers by serving sixteen days annually on staff 
or special duty, at schools of instruction, or with Senior Cadet 
units. Their pay is the same as if on active list. 

One of the most remarkable features is the small expense at- 
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tached. The budget for 1912-1913 carried the following items: 



































Central administration ---~--__~- ~ ioe $375,000: 
Royal Military College 2-2 2i22 Ss ee 191,565 
Central schools of instruction, staff instructions, physical 

training, aviation, and. target practice ==. 2 >see 143,910 
Inspection of stores and manufacturing establishments__ 480,285, 
District. commands, ‘stalisi2 lis ee 127,500: 
Instructional staff +, 2.22825 a eee 672,250 
Pield» artillery: - 22ers . ee 244,330) 
Garrison artillery. 7232232 eee 599,565 
INP iDGC ls ee ae eee eae 260,875 
Other permanent services, civil and military____.______~_ 415,350 
Militia. all sarmg ee = 4255335. 5 eee ~~ 25a9a,8 cs 
Volunteers (aviation, automobile corps, nurses) —~~~-___ 3,040 
Cadet, Junior and Senior, uniform, allowances, ete._-____ 1,347,750: 
Rifle clubs2and -assaciavions. 2) =e) =n ee eee ae 183,515 
Ammunition; 252650 S ee 004s eee 861,050 
Camps .and. schools,/of instruction.) t=. ee 415,000 
Military equipment, stores, and reserve ammunition__~__ 1,953,000 
Fixed armament ares Mee NM aS ee we eet = 2 603,250 
Works and construction, rifle ranges, rents, and maintenance — 1,503,760 
Interest on lands and buildings, resumed__--__-----~- 605,995 
Miscellaneous services, ete. ee eta s 54 479,485 

Eptalo ns eee Ce ae a _______ $14,862,350 








Australia had then to pay about $15,000,000 to maintain a foree 
of 2,719 regulars, 43,731 militia actually training, and a growing 
reserve of 89,000 Senior Cadets. 

The Australian system is of pecular adaptability to the United 
States with its absence of any aggressive intention as regards other 
nations, but also with an absence of any adequate means of national 
defense. By making our militia national instead of state, com- 
pelling all male citizens to undergo training (starting in the school 
room and extending into their young manhood) and then paying 
the bills for what we want, we could develop at moderate expense 
a foree which would make our borders safe from attack. 


Deflection of Gnstiffened Suspension Bridges 
: By 


Maj. G. B. PILLSBURY 


Corps of Engineers; Associate Member American 
Society Civil Engineers 


It is well known that a suspension bridge is subject to deflection 
under concentrated or unsymmetrical loads. To prevent excessive 
deflections, the more elaborate suspension bridges are provided with 
stiffening trusses properly proportioned to distribute these loads. 
In less important bridges these trusses are sometimes omitted, or 
often consist at most of a braced railing that is entirely inadequate 
to resist any considerable stress, and that must consequently yield 
to the deflections. Unstiffened, or inadequately stiffened, bridges 
are most frequently met with in temporary or pioneer construction, 
in the design of which the type is attractive, since it requires no 
subaqueous foundations and no falsework, and is easily erected by 
unskilled labor. Many such bridges are most satisfactory under 
the loads to which they are subjected, but occasionally a bridge 
is found to be unsatisfactory on account of the vibrations set up 
by excessive deflection. It is the purpose of this article to derive 
formule for determining these deflections. 

It is obvious that the deflection of a suspension bridge is due to 
change in the curve of the cable. The deflection may be divided 
into: (a) The inelastie deflection, due to concentrated or unsym- 
metrical loads, the length of cable remaining constant. (b) The 
deflections due to the elongation of the cable under load, and under 
change of temperature. 

As suspension bridges are usually constructed, the second is rela- 
tively unimportant. We shall, therefore, consider for the present 
the inelastic deflections only. 


CURVE OF THE CABLE UNDER UNIFORM LOAD. 


Consider a bridge (Fig. 1) whose span is /. Let f be the sag of 

the cable at the mid point, and W the total weight of the load, 

assumed uniformly distributed over the bridge. Let Hy be the 
709 
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horizontal component of the tension of the cables. It 1s easily 
shown that H , is constant. Let y be the ordinate of the curve of 
the cable at any point M, and xv the horizontal distance from the left 


support to this point. 
Equating the moments at M, we have: 


le ee ee -{* 
le leery yeah 7% Or o>) fee 
1 1 yy! ) 
When x= I, y=; whence Ho=@ ap (1) 
The equation of the curve of the eable, under unitorm load, is 


therefore : 
2 
8) (@—) (2 
: ie / 1 ) 
\ parabola with its vertex at the mid point. 


CURVE OF THE CABLE UNDER A CONCENTRATED LOAD. 


Let, now, a concentrated load of weight P be placed on the bridge 
at a distance kl from the left support. 
The vertical reactions are: 


Left support: R; aS W + (1—A) P 


bed 


Right support: Re= SW +aP 


Let H be the constant horizontal component of the cable tension. 
For the equation of the curve of the cable, A to K, we have, 


equating moments as before: 


= Ww ae (=e aP 


aes ye 


| 1 
i H 2 








kP ae ; Lee VV (4) 


Both branches are parabolas, with their axes vertical. 

To determine the value of H, we impose the condition, in accord- 
ance with our assumption, that the length of the cable remains con- 
stant under the addition of the weight P. This length is the sum 
of the ares AK and KB. 
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To determine the length of the are AK, place, for shortness: 





1 
ae ee ea Ww 
ee ee Hi ae 
so that equation (3) becomes 
(wees ax—5 bx” 


The length of the are of this parabola is 


_ kf —--—_.-____. 
=f" /1 + (2) Att V1 + (a— bx)? dx. 


The closed integral is somewhat complicated. Noting that a and 


f 


and neglect terms of higher degree than the second in a and 6. 
We have, then, 


b are small when the sag ratio ~ is small, we may expand the radical 


get 2G eet oF i = Loan 272°. 4) oe 
nf" Jt + 5 la bx) | a= are Gate 5 Uk l We kel 


Replacing a and 6b by their values above, we obtain, for the length 
of the are AK, after reduction: 


: Ww’ |i : ( aE 1 

6y=kl (1+ HH? | 4a k) lv tag ) 
The length of the are KB may be found by substituting (1—4) 

for k in the above, and is: 
Pe 4 cs 
JST 1 earl oe (ae +o) +5704 |) 
| ) ( +n [a a 4 Seale 

The total length of AKB is therefore 


=n Sth TG (Ste =) hi) + | 





Fe) 








2 H? 24 H? 
a l ; 
When P=0, H= Ho = g No and the above expression becomes 
8 t] 
SS ih ae 
(M455 


the Jength of the cable under dead load only. 
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But since the length does not change, these two expressions may 
be equated, giving: 








am) we pe 1 we 
7 eee rhea is oad 
( “3B +5 FT (yt Walt P lta, Te 
Whence, | 
eae Pp ps 4 : 
Meee we rye (24 F*\(p—ps\ [3 
: | le adler) ") 


This value, substituted in equations (3) and (4), gives the equa- 
tion of the curve of the cable under the load P. 


DEFLECTION OF THE FLOOR UNDER A CONCENTRATED LOAD. 


To arrive at comparatively simple formule, two assumptions will 
be made: 

(a) That the deflection in the floor is the same as the deflection 
of the cable at the same vertical section. 

(b) That the deflection is proportional to the load. 

While these assumptions are but approximately correct, both are 
on the side of safety. They will be discussed later. 

Under these assumptions the deflection of the floor due to a small 
load dP is found by differentiating equations (3) and (4) with re- 
spect to P, and placing P=O in the result. We obtain thereby, 
for deflections between G and L (Fig. 1), from equation (3) 


or ear, xe au | 
=~ la—w? (\- ) dP 


And from equation (95), 


Sy Ci 
ee Cem (6) 


Substituting this value, and writing P for dP, in accordance with 
the second assumption, we have, for deflections between G and L 


(1— #7 —3 #4) ea (A) 





dy, = 8a ye 2 








Similarly, Fenech one between L and N are given by the formula 
dy, eh ti Pp se 


I ze a — 3 ( — hk?) G—=)| (B) 
WwW ies 


These are the formule proposed. To obtain the deflection due to 
any combination of loads, we may sum the deflections at any point 
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due to the loads taken separately, proper regard being had to sign. 

It will be noted that the deflection at any point varies directly as 
the sag of the cable, and inversely as the dead weight of the bridge. 
The fact that stability can be secured by using a substantial floor 
system and taut cables is well known. 


DEFLECTIONS UNDER A DISTRIBUTED LOAD. 


While it will rarely happen that a distributed live load of uniform 
weight per unit of length will cover a portion only of the bridge, 
yet the formule for the deflections caused by such loading are of 
interest. These formule are deduced as follows (Fig. 2). 

Let p be the weight of the live load, and w the weight of the dead 
load per unit of length. Let the live load extend a distance kl 
from the left support. The deflection at any point x will then be 
the sum of the deflections due to the elementary loads p d(kl). 

Substituting therefore /pdk for P and lw for W in equation (A) 
and integrating, we have, for the deflection at any point between 
G and L 


pee are aN. Lge oP Neg ee er : 
ui sli l(h oe 3 (5 BJM. ae aN 








When k=1, the bridge is uniformly loaded, and dy,—0. From 


2 
this condition we find that C= — 4 FE if — Substituting and re- 
ducing, we have 
dj, =a Alok = (7) 
a Ww / ‘-/? 


Sunilarly, for deflections between L and N 





Dos x ie 
dy, 4 cath is E — 2 (2 I) = +- (8 —2k) | (8) 


Derived from the condition that when k=0, dy,=0. 


MAXIMUM DEFLECTIONS. 


Under a single concentrated load, the greatest positive, or down- 
ward deflection evidently occurs at the point of load, z=kl. It is 
easily shown that this deflection is a maximum when the load is at 
a distance 0.217 from a support, and that the resulting deflection ig 
20 


3 Ww 


—a_ tM 
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The maximum upward, or negative deflection, is found to oceur 
when the load is a distance 0,.27/ from one support, the point of 
greatest deflection is the same distance from the other support, and 

ete 1 
the amount of deflection is —0.35 —~ f. 
W: 

Under a uniformly distributed load, the maximum positive de- 
flection occurs at a point 0.231 from a support, when the load ex- 
tends a distance 0.43/ from this support, and the amount of the 


. 2 ) 
deflection 1s 0.13 f. 
w 

The maximum negative deflection occurs at the same distance 


0.231 from the support, when the load extends a distance 0.57/ from 


the other support, and the amount of the deflection is —0.13 2 dic 
Ww’ 


The maximum deflection, in both these extreme cases, occurs 
therefore near the quarter point. 


DISCUSSION OF RESULTS. 


The foregoing formule are based on the following approxi- 
mations : 
dH 
iP, (equation 6) 1s derived from an approxi- 
mate value ot H Peaikedn QD). 

(b) The deflection of the floor is assumed as that of the cable at 
the same vertical section. 

(c) The deflection is assumed to be proportional to the load. 

(d) The elongation of the cable is neglected. 

The mathematical work leading to a discussion of these errors 1s 
somewhat tedious and may not be of interest; we shall therefore 
limit ourselves to the results. 


(a) The value of - 


(a) The true value Gti (for an inelastic cable) is 


IP. 


dH _ — ¥1+h8— V1+h? (1—2k)? 
dPy = VWI FA® — loge (h + ¥1-+Ah®) 


Where h = 
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Assigning to k the value .211 which was seen to give the maximum 
deflection, we may form the following comparison : 


fae Sk tl ak 1 

ee 4 6 8 10 

2 1 2 

/ —— | ToT Toe ox 

: 5 I ; 
dH a -) nae " iy 
qe (equation 5) O00 FOO 1.000 P2750 Ww 
dH | 5 z >. | P 
Se LOX UG AS’ 40 99S A PAY a 
TP, (exact) ( 992 44 WwW 


The error from this source is seen to be very small. 

(b) In taking the deflection of the floor as that of the cable at the 
same vertical section, we have assumed that the tops of the suspend- 
er rods move vertically under the weight P. But it is evident that 
these hangers must, in fact, move in such manner that the length of 
the cable from the point of attachment to the tower remains 
constant. The vertical component of this displacement will be the 
defiection of the floor. Instead, therefore, of differentiating equa- 
wns (3) and (4), regarding x as constant, these equations should 


bee ; es v : 
be differentiated under the condition that it ds is constant. Pur- 
J 0 
suing this course we obtain, as a. correction for the deflection as 


determined in eek (A), the complicated expression : 


er ea ae q (0) — q (h) ‘a 
ee wi | or ») [a —4(*) | "Pg Oe (h + q(0)) 





4f ne Ba 
Where = =! and g (z)= vj-+42 (1—22z)? 
As an indication of the error of this assumption, we have placed 


7h 211, and computed the value of the correction: 
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; 4 6 8 10 

dy (Equation A) 667 667 667 667 ay f 

Correction 0 —.207 —110 —067 —.044 a f 
31 18 10 7 


The correction is seen to be on the side of safety, and to be 
moderate for the sag ratios usually employed. 

(ce) It is evident that as the load increases the curve of the cable 
changes, and that the deflection is not in fact proportional. to the 
load. Taking this source of error only, the deflection due to concen- 
trated load P will be the difference in the ordinate y and y,, equa- 
tions (2) and (3) and in y and y,, equations (2) and (4) respec- 
tively. 

Taking the approximate value of H (equation 5), and placing 
r—=kl=.211/ (the values giving the maximum deflection under 
equation A), we have the following results: 


ly 


Ww 05 10 Lila .20 5 

Deflection, equation A __.033 .067 100 ala TeV Ee 
Deflection, corrected — .031 .058 081 101 Abe 
Error 8 13 19 25 30-¢ 


It will be seen that for large loads the formula gives results con- 
siderably too great. 

An empirical correction may be made by placing W, in equations 
A and B, equal to the total load on the bridge, instead of the dead 
load only. We then obtain the following results, for c=k/=.2111. 


. Live load 
Ratio Sel Sad => 05 10 A 20 L20 
Deflection, equation A= 032 061 SOG ese td Lal ose 
Deflection, corrected .031 058 O81 101 Pel Ong 
Error 3 5 7 10 12 ¢ 


The error is much reduced, and is still on the side of safety. 

(d) The deflection due to the elasticity of the cable is dependent 
on its cross section. Formule for this deflection may be found in 
Merriman and Jacoby, and in other text books. Modifying these 
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formule to conform to the symbols herein employed, we have the 
approximate expression 


Where e¢ is the elongation of the cables. 
The elongation of the cables between the towers is 
Bas Oe ROU: Toe 
—o 1+—4, 
4 AE f Rae 


Where A is the net area of the metal in the cables, and E the 
modulus of elasticity. To this must be added the elongation of the 





cs 


backstays. 

The deflection thereby obtained may be added to that determined 
by equations (A) and (B). It will be found, in ordinary cases, so 
small a correction as to be unimportant. 

It may be noted, however, that the increased sag due to the weight 
of the floor is a point which frequently requires attention in the 
erection of the bridge. 

To sum up, it seems justifiable to conclude that the deflection 
obtained by formule A and B, while not accurate, are sufficiently 
reliable for the purpose for which they are intended. 


Claude Croset™ 
air 


Maj. Gen. WILLIAM HARDING CARTER 
United States Army 


When the high speed with which our modern industrial age is 
rushing forward with the development of a mighty empire begins 
to slacken, there will come a period of leisure and of more general 
study as to the men and means by which we have accomplished in a 
century the normal work of a thousand years. A single invention 
makes necessary a score of subordinate ones and with the aptly char- 
acterized wizards of the air, of electricity, of agriculture, and of 
every applied science sleeplessly pressing onward, the luxuries of 
yesterday become the necessities of to-day and our minds refuse 
longer to be surprised or dismayed at even the most weird and im- 
possible suggestions. When the nation pauses and begins the effort 
to orient itself after the great onward rush, the men who have 
helped-to upbuild the great Republic will assume their proper place 
in history and stand out more prominently in the process of sifting 
the material from the immaterial, the real from the visionary, the 
stable from the unstable. 

However much we may gloss over the facts, there was a period in 
our history during and following the War of 1812 when the nation 
builders pondered deeply upon the question of our ability to make 
good the experiment of creating a workable government out of an 
aggregation of widely scattered commonwealths with varying views 





*Claude Crozet was never an officer of the Corps of Engineers, but he was 
Professor of Engineering at West Point when West Point was still considered 
a school for engineers only. Not only is this true, but he was Professor during 
the years of greatest development under Colonel Thayer, ‘‘The Father of the 
Military Academy,’’ and during his seven years as professor developed and 
extended the course in engineering, and wrote the first text-book on descriptive 
geometry ever used in this country. 

Reprinted from the Journal of the Military Service Institution of the United 
States, for July-August, by special permission of both General Carter and the- 
publishers of the Journal. 
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as to their sovereignty and State rights. The glory of New Orleans 
could not wipe out the disgrace of other fields. The capture and sack- 
ing of the capital caused humiliation not easily removed from the 
minds of the patriotic men to whom the problem of resisting in- 
vasion had been committed. To improve the country’s defense 
and to make the assault of our coasts more difficult and dangerous 
to an enemy, engaged the earnest attention of those responsible for 
the administration. In seeking assistance from those who had 
learned the art of war under Napoleon, our nation secured the 
services of the incomparable Bernard, whose example in seeking 
service in America was followed by another veteran of France, 
Captain Claude Crozet, whose career is worthy of a page of our 
military history. Those were stirring times in Europe and the 
éléve of the Ecole Polytechnique of to-day becomes the battle-scarred 
veteran of to-morrow, as our cadets of ’61 became the division 
commanders of 64, and life histories of such types of men will live 
to fire the blood of youthful endeavor and some day make it as hon- 
orable to qualify for the country’s defense as for success in the 
marts of trade. 

Capt. Claude Crozet was born at. Villefranche, near Lyons, 
Hrance, January 1, 1790. At 14 years of age he was admitted to 
the Polytechnic School, Paris; was graduated in 1807 as sub-lieuten- 
ant of artillery, and then proceeded to Metz for the special course 
of instruction given there to officers assigned to engineers and artil- 
lery. After two years at this fortress, he joined the headquarters 
of the Emperor near Vienna just in time to participate in the 
memorable battle of Wagram, July 5, 1809. During the next two 
years young Crozet received from the hands of the Emperor the 
cross of the Legion of Honor, his promotion to the grade of captain 
and an assignment to the Imperial Corps of Artillery attached to 
the division of Marshal Ney, then making preparations for the in- 
vasion of Russia. 

On the retreat from that disastrous campaign, Captain Crozet 
was taken prisoner but had the good fortune to fall under charge 
of one of the Russian princes, who became interested in him and 
sent him with an escort to his own estate in the interior, where he 
remained under the care of the prince’s family for two years, the 
recipient of most kindly hospitality. 

After the Treaty of Paris, in 1814, Captain: Greet returned to 
France, arriving in Paris on the 20th of August, several months 
after the departure of Napoleon from Fontainbleau for the island 
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of Elba. In accordance with the conciliatory policy adopted by 
the restored government, the ‘‘ Decoration de Lys’’ was, by order 
of the king, conferred upon Captain Crozet, together with restora- 
tion to his former rank in the army, but he declined the honor, 
avowing his desire to engage in civil pursuits, and established him- 
self in Paris, where were gathered a multitude of ex-officers who, out 
of employment, were speculating upon the next turn of the wheel 
of fortune. 

Captain Crozet was not an unmoved spectator when, on the 20th 
of March, 1815, Napoleon re-entered Paris and was greeted with 
enthusiasm by the populace who believed the destiny of their soldier 
emperor had not yet been accomplished. Captain Crozet resumed 
his position in the army and joined in the hurried preparations for 
the great struggle which, on the field of Waterloo, terminated Na- 
poleon’s active career. With the downfall of Napoleon Paris was 
filled once more with unemployed officers and Crozet determined 
to seek another field of opportunity. He had married Mademoiselle 
de Camp, and on the 6th of June, 1816, provided with letters from 
Marquis de Lafayette and other gentlemen of prominence, he em- 
barked for America and arrived in New York about the middle of 
July. His scientific attainments having become known, and the 
course at West Point being just then in process of revision, he was 
appointed Professor of Engineering and entered upon his duties 
at the Academy February 1, 1817. Under Captain Crozet in- 
struction was first given at West Point in descriptive geometry, 
analytical trigonometry, differential and integral calculus, civil engi- 
neering and the principles of machines. At that time there was no 
text-book on descriptive geometry in this country and until Captain 
Crozet’s treatise was issued in 1821, instruction in the subject at 
West Point was entirely oral. 

The intense mental application and six years of sedentary class- 
reom work following an active career in the armies of Napoleon so 
affected the health of Captain Crozet that he resigned the professor- 
ship at West Point and entered the service of Virginia as State 
Engineer, a position affording an opportunity for more outdoor 
life. He entered upon his duties in 1824 and continued in the 
service of the State for nearly nine years. Captain Crozet very 
ably urged a lock and dam system of improvement of the James 
River from Richmond to Lynchburg, and in 1830 further urged 
the construction of a railroad thence to the Kanawha River, thus 
uniting the eastern and western waters. 
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In 1832 Captain Crozet accepted a position in Louisiana similar 
to that held in Virginia, but after a year spent amid the swamps 
and lagoons of that region he became the president of Jefferson 
College, on the banks of the Mississippi about one hundred miles 
from New Orleans. The following year he was on the eve of 
visiting France when he was urged to return to Virginia and resume 
his position as Engineer of the State. He changed his plans, and 
in 1837 resumed his work in Virginia. In the meantime Virginia 
had entered upon internal improvements under a joint stock system 
whereby she became a partner and manager to the extent of her 
interest. The duties of the State Engineer then became primarily 
to observe the management and condition of such works as the 
State was interested in, and to make such suggestions as he might 
deem proper. His suggestions and recommendations indicate a 
masterly if not prophetic mind. 

In 1837, Captain Crozet was chosen president of the board of 
visitors of the Virginia Military Institute just then established, the 
cadets being substituted for the guard of the State arsenal at 
Lexington, which had been maintained since 1816 for the preserva- 
tion of the arms and military equipments of the State. Captain 
Crozet took an active part in the organization and advancement of 
the interests of the Institute. In 1845 he undertook the prepara- 
tion of a series of books on mathematies, but the writing was too 
confining and, upon completion of one volume, an arithmetic, was 
abandoned. 

In 1849 Captain Crozet was selected to locate and construct the 
Blue Ridge railroad from Albemarle County through Roekfish Gap 
to Augusta County, as a State improvement. This proved a very 
difficult undertaking and involved construction of several tunnels 
with many complheations. The work was completed and turned 
over to the predecessors of the present Chesapeake and Ohio Com- 
pany in 1856, and soon after Captain Crozet was invited to Wash- 
ington by the Secretary of War to assume the position of prineipal 
assistant to Capt. M. C. Meigs, Corps of Engineers, in the eon- 
struction of the aqueduct. Captain Crozet is credited with the 
planning and construction of the existing aqueduct bridge con- 
necting Georgetown with the Virginia shore near the Arlington es- 
tate. He was separated from the aqueduct engineering work in 
1859 on account of exhaustion of funds, and returned to Richmond, 
Va., where he resided until his death in 1864. ‘His character and 
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code of ethics are observable in his qualified letter of acceptance of 
employment as assistant engineer of the Washington aqueduct. 


RIcHMOND, Nov. 24, 757. 
Capt. M. C. MEtras, 


Dear Sur: When the Secretary sent tor me, I had not the least 
idea of his object, but merely surmised, knowing him to he very 
friendly to me, that it was for some purpose advantageous to my- 
self. However, I never coveted nor accepted: any office unless va- 
cant, or certainly to be vacated. My feelings, in the present in- 
stance, are, of course, in accordance with my usual practice; and 
the more so in this case that | have ever experienced and recipro- 
cated the most friendly feelings on the part of the officers of the 
Army, and especially those of the Engineer Corps. If, therefore, 
you think you ean by any possibility retain your assistant if I de- 
cline, let me know, confidentially, and I will do it. If, on the con- 
trary, a change is decided upon, I would accept for several reasons 
which I will communicate hereafter, and | must add that I have no 
doubt that our relations would be satisfactory to both. Having, 
of course, to supply your place and carry out ee own plans, and 
possessing the ability of understanding them, I do not apprehend 
the possibility of any difficulty. As regards relative positions, we 
are all dependent in some way or other, and as an old soldier, I 
understand the value of discipline, without which no service can be 
efficiently rendered. I shall await your answer before I come to a 
decision. In the meantime accept the assurance of my Ingh eon- 
sideration. 3 

Yours, 
C. CROZET. 


Captain Crozet was a man eminent in all the professional work 
undertaken by him and left a singularly deep impression upon 
those who fell under the spell of his teachings. His engineering 
work has survived to give silent testimony to his genius and fidelity. 
His career was not so brilliant, nor were such honors showered upon 
him as upon General Bernard. Capt. Crozet rather took his modest 
place among the commonwealth builders of a day and generation 
when the nation was reaching out and preparing an empire of 
territory for the great agricultural and industrial development 
which later drew to our shores millions of hberty-loving Europeans. 
The work of these two veterans of France should live in the hearts 
of Americans, for they rendered the State inestimable service 
when talents such as theirs were sufficiently rare to be in demand 
throughout the civilized world. 


HMississippt Riher GOagings by Rod Floats 
Bee 


Mr. FREDERICK YANCY PARKER 


Assistant Engineer; Member American Society Civil Engineers; 
Member Western Society of Engineers 


The first reeorded attempt by the St. Louis engineer office to 
obtain a river gaging, was made in May, 1872 (report of the Chief 
of Engineers, U. S. A., for 1873, page 472). From that time until 
1895 intermittent gagings were taken, usually with surface and 
double floats; but at no regular station. During low water periods, 
1895 to 1899, gagings were taken wherever a field party happened to 
be located. 

As a comparison of results, under the above conditions, was of 
questionable value, observations were begun in 1900 at the present. 
low water gaging station, U. 8S. Engineer Depot, foot of Arsenal 
Street, St. Louis, Mo., and have been continued to the present time. 
This site was selected on account of convenience, comparative sta- 
bility of banks and bottom, and parallelism of stream flow. From 
1900 to date, rod floats have been used at this and other stations at 
all stages of the river with satisfactory results. The gaging here- 
after deseribed was taken December 30, 1912. As this was the 
first of the season and the lines of stream flow unknown, the usual 
sextant observations, at intersections of floats and range lines, were 
supplemented by transit readings from the downstream end of the 
base. 

To reduce the observed rod velocity to the mean velocity of stream 
thread from surface to bottom, Francis formula was used. 


Vm—Vr [1— 116 (V¥D— .1)]. 
Vr—observed velocity of rod. 
Vm—mean velocity in a vertical plane. 
_ (depth below bottom of rod ace 2 
D = ( CERNE Ree MANS or the percentage of 
} depth of stream 
stream depth unexplored by the rod. 


BASE LINES. 


For. low water and medium stages, a base line is measured on a 
724 
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bar along the Illinois bank. (Fig. 1.) This site is desirable on 
account of the unobstructed view and freedom from interruption by 
river traffic; but, as the bar is submerged at the 26-foot stage, St. 
Louis gage, a station at the southern city limits is used for stages 
not exceeding 31 feet. The nearest suitable station for flood stages, 
is Chester, Ill., 75 miles downstream. Until recent years a per- 
manent base line was maintained in the U. 8. Engineer Depot 
erounds, but new buildings have obstructed the view, and shifting 
shore lines and fill havenullified attempts at reestablishment on the 
bar. However, the position on the bar can always be relocated, since 
the range system is hinged on Arsenal (triangulation station )— 
stone pillar in Engineer Depot yard. 

On a line, approximately normal to the stream flow and passing 
through Arsenal, a point on the bar is selected for the upper lmit 
of the base; from this point 1,000 feet (for ease in computing) 
normal to the line is measured downstream. ‘Targets are erected at 
each end of the base, at Arsenal and on the prolongation of the 
line—Arsenal, upper base limit; this line is used as timing-range 
No. 1. Parallel to timing-range No. 1 and 200 feet downstream, 
tining-range No. 2 is located; with timing station on the base line. 
@uire iby 

After the base line and ranges are laid out, both of the unknown 
angles of the right-angled triangle—Arsenal, upper base limit, lower 
base limit—are determined by repetition, and the distance between 
Arsenal and upper base hmit computed. This distance (in the gag- 
ing deseribed 2,502 feet) 1s a function of the upstream base extrem- 
ity and a constant for all other points of the system. 


FLOATING PLANT. 


The floating plant consists of a tug, flat boat, and two skiffs. The 
flat, lashed end-on.to the bow of the tug, facilitates storing, launch- 
ing, and recovering the floats. One skiff, containing two men and 
equipped with a small anchor and line, is used to buoy each float sta- 
tion until its gaging is completed and the succeeding station located. 

The second skiff carries, in addition to the erew of three men, a 
recorder, observer, and leadsman. The tug is of the usual stern- 
wheel river type and carries a crew of five. 


FLOATS. 


A set of floats consists of twenty-six pieces: namely, eight exten- 
sion rods, each 13.5 feet long, and nine pairs of graduated rods. 
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The latter, from a minimum length of 3 feet, inerease 1.5 feet 
arithmetically to the maximum length, 15.0 feet. The graduations 
are tenths of a foot and are shown, on the top or upper foot of each 
rod only, by alternate rings of red and white paint; except the 
sixth ring, which is black. The top of each black ring is the immer- 
sion depth of its rod. 

When made, each rod was separately tested and adjusted in a 
specially designed tank until, single or connected, its immersion 
depths differed only a few tenths of a foot: the depth was then 
painted on the rod. 

By using a number of extension rods, float lengths of any depth 
can be obtained; but in practice the length is lmited by the 
strength of the couplings: for the rods and couplings under con- 
sideration the lmit is about 50 feet. The floats of round seasoned 
white pine, painted with three or more coats of white lead, are 27% 
inches in diameter, in order to conform to the outer diameter of 
gas-pipe threaded sockets which are fitted on their lower ends. 
Each socket is loaded with sufficient lead to sink its float to the 
immersion depth, which is the top of the extension, and the black 
ring of the graduated rods, respectively. The extension rods have 
additional threaded sockets, flush with their tops, and sleeve coup- 
hngs for making connections. 

In order that the ends of the rods will abut, without the use of 
tools, all threads are thoroughly oiled and chased before use. To 
make the floats more conspicuous, while in use, a small hole is bored 
in the top of each graduated rod in which a small parti-colored 
flag is stuck: and to facilitate recovery a small staple is driven, 
above the immersion depth, to which a cord with surface float is 
attached. (Fig. 2.) 

INSTRUMENTS. 


Two transits, a stop-watch beating 0.2 seconds, and a sextant are 
the only instruments needed for a low water gaging; for medium 
and higher stages an additional transit is required. 


SEQUENCE OF OPERATIONS. 


The rangeman and a flagman set-up and orient a transit over 
each timing range-hub while soundings, from shore to shore, are 
being taken between the ranges. From these soundings float 
lengths ranging between maximum and minimum depths, are made 
up in pairs (precautionary for loss or breakage) and placed in order 
on the flat with signal flags and surface floats attached. The local 
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gage is read; the buoy skiff is anchored about 100 feet from shore 
and the observation skiff takes a position near by. ‘To enable the 
floats to acquire the full current velocity an indeterminate buoy 
range, 80 or more feet above timing-range No. | is used by the buoy 
skiff. The tug moves slowly upstream while soundings are taken 
over the probable course of the float: by the time timing-range No, 
1 is reached the probable float length is known and when the buoy 
skiff is reached the float 1s ready for launching. 

Just before launching the float a flag is waved, as a signal to the 
range-man, and the tug stops; but immediately begins to slowly back 
while the float, bottom end downstream, is gradually lowered to the 
immersion mark and released, when vertical. 


When the float approaches timing-range No. 1, the range-man 
depresses or elevates the telescope to the proper field of view; and 
starting the stop-watch, when float and range coincide, proceeds to 
timing-range No. 2. At timing-range No. 2 the observations of 
timing-range No. 1 are duplicated; the watch being stopped at the™ 
instant range and float intersect. 


In the meantime, the observation skiff has followed the float at a 
distance of 3 to 6 feet: the flagman, on shore, signaling the skiff’s 
approach to and crossing of the ranges. On signal that the skiff 
is crossing time-range No. 1 the observer, from the observation skiff, 
reads angle—timing-range station No. 1, downstream base end— 
and the leadsman, with drifting and standing lead, begins sounding ; 
at conjunctivity of timing-range No. 2 and the skiff the observer 
reads angle—timing-range station No. 2, downstream base end— 
and soundings cease. The observation skiff now returns to the buoy 
range, selects float station No. 2, over which the buoy skiff anchors, 
and stands by. Meanwhile, the tug recovers the float and proceeds 
to sound over the probable float course as at the previous station. 

At each succeeding station the same program is followed; care 
being taken that a satisfactory run is obtained. Finally, the local 
gage is read and the distance from the water edge to Arsenal and 
from water edge to timing-range station No. 1 is measured: in case 
of rapid oscillation a measurement is also taken at the beginning of 
operations. 

To obtain the mean depth between the first and the last float 
stations and each shore, the observation and sounding skiff con- 
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tinues taking soundings and observations, in the usual way, between 
these stations and the water edge. 


REMARKS. 


In low water observations with consequent reduced current veloc- 
ities only one range-man is necessary. At higher stages the flagman 


i 
zp. 


i as 





Fig. 2. 


is dispensed with, a range-man with a flag being placed at each 
range station; as the float approaches and crosses each range a flag 
is raised and dipped indicatively, likewise for the observation skiff. 
During high water gagings, time is kept by an assistant, on the float- 
ing plant, who starts and stops the watch at the dip of the flags. 
At the higher stages the swift current precludes the use of a buoy 
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skiff and either prevents or greatly retards the return of the obser- 
vation skiff to the timing ranges. When this condition obtains both 
the float and the observation skiff are picked-up by the tug, at the 
end of each run, and towed to the subsequent float stations which 
are located, with reference to shore objects, by eye. The writer 
made a gaging, at the southern city limits, in April, 1912 (St. Louis 
gage 30.7 feet), where the observed rod velocity ranged between 
7 and 12 second-feet; as the usual tug could barely stem the current 
a tow-boat was used with flat lashed alongside. Previously, on 
account of danger from drift to the observation skiff, attempts 
were made to anchor the flat at float stations; but after three 150- 
pound anchors, placed tandem, failed to shold, these efforts were 
abandoned. At this gaging three ranges, 100 feet apart, were used 
and the floats timed at each; to prevent breaking at the joints, the 
longer floats (longest 46 feet) were coupled only when needed and 
towed behind the flat until a change of length was required. 

Float stations have been charted and their sextant angles, with 
reference to base line, predetermined ; but in practice, maneuvering 
the boat into position is both time consuming and difficult of execu- 
tion. : ee 

Satisfactory gagings have been made with skiffs, during low 
water periods, the rods being transported, coupled and uncoupled 
in one of the skiffs; but the time required is much greater than by 
the method previously described. At the gaging of December 30, 
1912, heretofore outlined, twenty-six one-float stations were used; 
the time required, including three reoccupied stations, was three 
hours. Very little oscillation of the float occurs if it is handled and 
launched as heretofore described ; especially if the launching is done — 
near the bow of the flat, thus allowing the float to immediately 
swing clear. Moreover, if a float strikes an obstruction or drags 
bottom its action immediately reveals the fact: operations are at 
once suspended and the flotation repeated with a shorter rod. Dur- 
ing a continuous and extended: series of gagings, both for ecompari- 
sons and convenience, it is desirable to use the same float stations 
throughout. Buoys attached to wire cables having dise anchors 
jetted 15 to 20 feet into the river bottom have been tried; but drift, 
in conjunction with a small rise, will invariably tear them loose, 
not to mention the damage done by river craft. Since the floats 
project only about 6 inches above water, the effects of winds and 
waves are reduced to a negligible quantity; violent storms would 
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undoubtedly have a very appreciable effect on both the float diree- 
tion and the velocity. 

The determination of the float positions at timing-range No. 2 
would be unnecessary were it assumed that constantly changing 
conditions of bottom, banks and stream flow would not materially 
deflect the course of the floats from normals to the ranges. As 
ereat changes in the sectional area frequently oceur in short periods 
of time, accompanied by simultaneous changes of velocity, the above 
assumption would always be in doubt at any stage of the river; 
the uncertainty increasing as the rapidity of the oscillation in- 
creased. 

When deviation of the float courses from normal to range lines 
is detected, operations are suspended until the base line can be 
swung and the ranges readjusted. Although preferable, it is not 
necessary that the rods float very close to the bottom of the stream, 
provided variations of data wide enough to reduce Vr to Vm ean be 
obtained. Francis value of D was small, having been determined 
by floating rods in artificial rectangular channels or flumes; there- 
by securing a value under conditions that do not exist in natural 
channels. Moreover, Francis conditions the float length to, at 
least, nine-tenths the stream depth. The report of the Chief of 
Engineers, U. 8. A., for 1883, page 2227, says of Francis’ formula 
‘‘the limits of the applicability of the formula were experimentally 
tested by comparing rods of different immersion with mid-depth 
floats and meters. The formula was found to give good results 
with an immersion of only one-third length.’’ Table No. 1, com- 
piled from the report of the Chief of Engineers, U. 8. A., for 1901, 
pages 2209 to 2211, inclusive, shows the result of a set of compara- 
tive gagings—meters and rod floats—made at the U. S. Engineer 
Depot, St. Louis, Mo., in 1900. Computations: Gaging December 
OU ak ie 

The mean of the soundings over each float course between ranges 
was found; plotting these means as ordinates and the tangents of 
the observed transit angles (X 1000 for range No. 1 and 800 for 
range No. 2) as abscisse, points on the cross section were 
located. When, as usual, sextant readings are taken, the cotan- 
gents of the observed angles are found and the abscisse computed 
as before. On the ordinate through each of the above points the 
observed velocity Vr of the rod for that location, was plotted; a 
smoothly curving line drawn from water edge, through each set of 
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points, to water edge outlined the cross section and velocity curve, 
respectively. 


The cross section was divided, by ordinates, into as many poly- 








gONS py; Pos P3i —— P28; a8 the sectional configuration called for. 
The widths 2, > Ws; 205; - Wg; the mean depths d, ; d,; d; ; 
d,,; and the mean velocities v, ; V2; Vv; ;—— 2; of the polygons 





were scaled (fig. 3): but w, -- w, -+- w; + Wog == 19D6 =e 
in any gaging the computed width of waterway. From the above 
data the areas a, = dj, ; a, =d, W,; a, = d, W, > <—"Oa9 =e 
Dated oe polygons p, ; 2; 3} —— Po28s; were computed. Then 
2, 05 tia Qo,v = 28753 = A = total area of cross sec- 
tion and 2a, v, + a, Vz + Gs V; + —— Ong 09,0 — 000 C0 
total volume of discharge. Hence V/A = the mean velocity and 
A/W =the mean depth. The field record and subsequent com-. 
putation for one float station 1s given in Table No. 2, while Table 
No. 3 gives the result of all observations, special and otherwise. 





As previously noted, transit observations were a special feature 
of this gaging, hence the results in Table No. 3 derived from these 
determinations are superfluous, except for comparative purposes. 
The position of the floats, on the range lines, proves that the general 
direction of stream flow, float station No. 1 to No. 18 inclusive, was 
towards the left bank; while from station No. 19 to No. 26 the 
direction of flow shifted towards the right bank. However, not 
enough deflection, in either direction, was shown to warrant swing- 
ing the system and adjusting the ranges. 


Table No. 4, compiled from reports of the Chief of Engineers, 
U. S. A., is a comparison of low water gagings, of approximately 
the same stage, at different periods. All of the gagings, ineluded 
in the table, were taken at the regular station, U. S. Engineer De- 
pot, except item 3, which was taken 34 mile farther downstream. 
This item gives the lowest discharge on record for this vicinity; but 
the result is considered doubtful. The first and second items are 
included because the river stages are records for gagings at this 
place. 

However, any deductions made from Table No. 4 will have to 
take into consideration the effects of the contractive works (still 
efficacious) made in the fall of 1904 above the gaging station. This. 
contraction caused a bar to form along the left bank, at the ranges, 
with deepening of the channel above and below the gaging station. 
Nevertheless, after making due allowance for disturbance of regi- 
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men, this table corroborates other evidence that a gradual lowering 
of mean bottom with simultaneous increase of mean depth is taking 
place in this vicinity, if not throughout this district. 

The original discharge and duration of stage curves, ‘‘ House 
Document No. 50, 61st Congress,’’ have been slightly changed, due 
to the incorporation of additional data. (Fig. 4.) 


CONCLUSION. 


While most authorities favor current meters rather than rod 
floats, nevertheless rod floats properly manipulated give results that 
agree fully as well as those of the meter. The weakest point in rod 
float observations is the correction applied to the observed rod 
velocities—usually Francis’ formula. This formula having been 
developed from observations taken under conditions not obtaining 
in natural channels and streams, is justly questioned as to its ap- 
pleability. However, comparative observations both between rod 
floats and floats and meters indicate that the formula is not very 
far wrong. With an improved formula the writer believes that re-. 
sults more nearly approximating the truth can be obtained with rod 
floats than with meters, especially in streams with vagaries of cur- 
rent like the Mississippi. 

The rod velocity is the sum of the movements of the stream fila- 
ments which act on it, hence boils, whirls, cross currents and eddies, 
as well as direct flow, are blended into the composite movement that 
governs the direction and velocity of the rod. 

* Portability, ease of, manipulation, and computation are large. 
assets in favor of the meter, but the .6 depth rule, for single meters, 
is arbitrary and good results therefrom are questionable in streams. 
where boils, whirls and cross currents abound. 

Hitlier integration or simultaneous observations with several 
meters at varying depths are methods more lkely to approach the- 
truth. Nevertheless, the method of rod floats is believed to be 
based on correct principles, and will give better results, for streams. 
with counter currents and shifting stream flow, than any other 
method. 
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Table No. 1. 











Date of gaging, U. S. E. Depot. 





November. 28; 1900 — 3 ee 
December 1, 1900_____- 2 Ser eee ree 
December 4} 1900 AGM > 33223 3e | 
December:-4..1900° PR. SMS. See | 
December'8,° 19007 ASM a eee | 
December..8, 1900-2) My eee | 
Decemben J, "1900 Se. ee eee | 
December 14; 1900 A 0Mio 2 eee ee | 
December. 14, 1900°P. 3M? 22242 222. oeee 
December 19,°1900* tae) 2 eae eee | 
December 21, 1900) 2.5 2 7 eee | 
December:27;: 19000 2.) eee 
January (ge LOQ tee eee eee | 
January 10 1900 lee 
January 12, 1901 | 








January: 28, 190 bce ee Fe | 


Februaryl6, 190022. oe eee ae | 
March 2; 190) 222 ae ee ee | 





11 


dt 
PNP EM OW KE DDONNDO © 
HDnOUNDDAFAONNOK KL DMDOMD 


Discharge cubic second-feet. 








Current meters— 











Rod Floats. | am ce 
No. 29 No. 34 

141971 144383 142005 
120886 126425 123527 
103357 109683 109300 
103744 111594 109748 
89787 100114 102094 
92960 98960 97886 
88110 92313 92080 
81841 84910 83505 
80378 81645 82291 
66532 |. 71674 eae 
62243 69769 68880 
60144 62099 62072 
39891 41706 40399 
49771 | 53553 | Saao0 
70244 72556. 71476 
70014-72788) = 72594 
52721 | 55746; 59601 
65911 66492 65838 





*Zero St. Louis gage=379.79 feet above mean cult level, 
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Table No. 2. 











Angles to float— 


Peay eetion No.2 Sextant. Transit. Float length.| Time. | Wind. 
Soundings: 
Range No. 1 to 
Range No. 2. Range No. 1| Range No. 2} Range No. 1 





Range No. 2 








/ , Feet. | . 
20° — 23’ 12 2—0"|N. E. 





79 —05"} 68°—45' | -17°—17’ 

















Feet. Remarks: 

Vr=1.67 (Rod velocity for 200.0 feet=distance between ranges.) 
Vr=1.61 (Observed rod velocity for 200.3 feet=actual distance 
Pea. 15 floated.) 








_ 
> 
On Sn Cn) Cr > Ca On On Cn Goi Crt Cri 1 CC Co ic 

















Table No. 4. 


























: F Area of Discharge meee : 
Date of easing. | St Louis | Width of | cross See. | cubic sec. | Wcineity | Mean |. Oscilla 
tion. feet. 
| | | . | 7 

Dacre Lo; 1910) -_| > —1.42 1827 21764 es pd a Weed 245.16) 11.9 R. 
Deer i7, 1910 | —1.25 1827 20370 33608 1.65 11.2 R. 
eee eeepc | —O10 ) 1218 16730 24217 1.45 ibys E: 
Feb. 5, 1900 __ 0.00 1925 14800 34600 2.41 7.4 S. 
Pan wlo 913 |. —0.04 1909 24016 39188 1.63 12.6 R. 
Dee 22,1904 _ 0.20 2372 20300 39000 1.93 8.6 F. 
UPS ae nee 0.20 1842 22974 42569 1.85 bas: Re 
Pan aloe GOL -— 2.20 2354 20600 SOCei Nl) ad 8.8 R. 
Dee. 23, 1903 _ 2.30 2401] 22117 51495 2.33 | 9:2 R. 
Dec. 30, 1912 — 2.20 1956 28752 58885 1.94 14.7 S. 
Pep oee1 901. 2.60 PE PA) 22200 538000 | 2.37 9.6 Ry 
Oct. 31, 1910 _ 2.55 | 1925 27214 | 59590 | 2.19 | 14.1 F. 
Dee. 27, 1900 _ 3.80 2379 23900 60000 BD 10.0 F. 
Dee. 8, 1904 .__ 3.80 2415 28205 69000 |. 2.45 soleyé F. 
Aug. 16, 1910_ SST. A885 28412 | 708661| 2.48 | 15.1 Re 





| 
| 
| 
| 
j 








“Zero St. Louis gage—=379.79 feet above mean eulf level. 
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EDISON FOR SERVICE 


For Traction—The “A” Type 


With an hour’s boost at noon time EDISON 
STORAGE BATTERIES will run a 5-ton Truck 
75 miles or more. 50, 55, and 60 miles 








per day are regular runs on one charge— 


seven days a week if necessary. 
lor Ignition—The “B” Type 


The EDISON STORAGE IGNITION and LIGHT- 
ING BATTERIESare guaranteed and always on 
the job. ‘The Steel Container can not be 
broken. The Nickel-Iron Alkaline Battery — 
can be left idle indefinitely, either charged 
or discharged, and is ready for service when 


wanted. 


Whether for Traction, Ignition or Light- 
ing the Edison is the only Battery 
you can always depend upon. 


Edison Storage Battery Company 
ISO Lakeside Avenue, Orange, N. J. 





IN ANSWERING ADVERTISEMENTS, PLEASE MENTION PROFESSIONAL MEMOIRS 


PROFESSIONAL MEMOIRS iii 





hooking eat of Me new fotlory Glennon made 
Neceorany by our meneased lhuguness vemmde 
ane Amy prophecy thal he Alkaline Nerage 
Haltny would brag aot wiysrtant — 
Shomaes wi Tame portation 


BCL Calcesn. 


Se SR RT) SEIT LS SE SE ESTE TE GE LOA TD 
IN ANSWERING ADVERTISEMENTS, PLEASE MENTION PROFESSIONAL MEMOIRS 


‘ ae att 
. = : y 2 ae Bes . 
a PROFESSIONAL MEMOIRS = 


Alphabettcal Index of Advertisers a 


Page 
Ambursen Hydraulic Construction Co, XXxxix 
American Hoist and Derrick Co.....  Xxxiii 
Andresen-Evans, @©0.- {tone oe eae XN1 
Bayonne) Casting (Cosas eae XXVi 
Bausch, & LombsOpticalmCos esis re XXNIV 
Bowers Southern Dredging Co....... axlv 
Breakwater =~ Cot wesw. s.oserae eee ee xlviii 
Bristol = Coo... «4 eiaretteeast reas ne xxii 
Buff & Buff Manufacturing Co....... XNi 
Broderick & Bascom Rope Co........ SK V1 
Ceresit Waterproofing= Co. ane bene 
Channon; $H:). Com etre eee “xxvi 
Chicago. Pheumati¢e lool sCossraaeeae XXXV1i 
Clyde (lronysiWorks = eee eee AD occ Ab 
Colt’s Patent Fire Arms Mfg. Co... XXIV 
Contractors’ Plant Manufacturing Co. XXV 
Corrugated Bar Go. se a ae XXN11 
Deming Cone These 3a ee eee <a 
Diamond Expansion= bolt sCoOass ee XNI 
Edison Storage Battery Co......... js eatLe 
Electro-Macnetica Poole Go. sere eae XV 
Ellicott- Machine Corporation........ xlvii 
Engineering = Records se a eee rN 


Hibre sCondutte Congecwas cee ee SNRV 


Maryland Dredging and Contrae 














Great Lakes Dredge and Dock 
Gurley, W. & Loko. sseeee 


Icy-Hot’ Bottle, Cov.c eee . 
Ingersoll Rand Comseee seme 


Lackawanna Steel Co..... i 
Leschen, A., & Sons Rope 


ont Kins Stle we neat aaa 


=) 


Mietz, <A ngustcees . aoe Seon 

et a ey. 
Morris Machine’ Works... ... 77. 
Norfolk Creosoting Co.... ie: a 


Northwestern Expanded Metal 


Roebling’s, John A., Sons Co... 


Ross, 2) .Santord,. Dies 


Scherzer Rolling Lift Bridge — 
Strauss Bascule Bridge Co... 


Warren-Knight Co. 


PROFESSIONAL MEMOIRS 


Classified Directory of Advertisers 


Aix Compressors— 
Mietz, August. 


Chicago Pneumatic Tool Co. 


Air Drills— 


Chicago Pneumatic Tool Co. 


Alloys— 
Bayonne Casting Co. 
Goldschmidt Thermit Co. 


Bars, Reinforcing— 


Corrugated Bar Co. 


Battery, Storage— 
Edison Storage Battery Co. 


Blocks and Tackle and Trolleys— 
American Hoist and Derrick Co. 
Channon, H., Co 
Leschen, A., & Sons Rope Co. 


Bolts, Expansion— 


Diamond Expansion Bolt Co. 


Bottles— 
Tey-Hot Bottle Co. 


Bridges— 
Seherzer Rolling Lift Bridge Co. 
Strauss Bascule Bridge Co. 


Buckets, Dredging and Hucavating— 
American Hoist and Derrick Co. 
Andresen-Evans Co. 

Channon, H., Co. 


Cableways— 
Broderick & Bascom Rope Co. 
Leschen, A., & Sons Rope Co. 
Lidgerwood Manufacturing Co. 
Camp Conveniences— 
Iey-Hot Bottle Co. 


Cars, Railway, Motor— 
Chiexgo Pneumatic Tool Co. 
Edison Storage Battery Co. 


Clamps and Clips, Wire Rope— 
American Hoist and Derrick Co. 
Broderick & Bascom Rope Co. 
Leschen, A., & Sons Rope Co. 
Roebling’s, John A., Sons Co. 


Drawbridges 





Concrete Reinforcement— 


Corrugated Bar Co. 


Northwestern Expanded Metal Co. 
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Fibre Conduit Co. 
Norfolk Creosoting Co. 
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Ambursen Hydraulic Construction Co. 
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American Hoist and Derrick Co. 
Channon, H., Co. 
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Bausch & Lomb Optical Co. 
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Bowers Southern Dredging Co. 
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Maryland Dredging and Contracting Co. 
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Chicago Pneumatic Tool Co. 
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Ingersoll-Rand Co. 
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Chicago Pneumatic Tool Co. 
Edison Storage Battery Co. 
Electro-Magnetic Tool Co. 


General Electric Co. 
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Hollow Dams— 
Ambursen Hydraulic Construction Co. 


Engines— 
American Hoist and Derrick Co. 
Clyde Iron Works. 


: Instruments: Engineering, Surveying, Mathe- 
Plant Manufacturing Co. 


matical and Indicating — 
Bausch & Lomb Optical Co. 
Buff & Buff Manufacturing Co. 
Gurley, W. & L. E. 

Keuffel & Esser. 

Lufkin Rule Co. 
Warren-Knight Co. 


Contractors’ 
Ellicott Machine Corporation. 
Mietz, August. 

Morris Machine Works. 


Engines: Gas, Gasoline, and Oil— 
Mietz, August. 

Engines, Hoisting— Metall tie 
Corrugated Bar Co. 
Northwestern Expanded Metal Co. 


American Hoist and Derrick Co. 
Channon, H., Co. 

Clyde Iron Works. 

Lidgerwood Manufacturing Co. Modern Engineering— 


Contractors’ Plant Manufacturing Co. Engineering Record. 


Monel Metal— 


Excavating Machinery— , 
a Bayonne Casting Co. 


Austin, F. ©C., Drainage Excavator Co. 
Channon, H., Co. 


Ellicott Machine Corporation. 


Non-rusting Metal— 


Bayonne Casting Co. 
Municipal Engineering and Contracting Co. 
Pile-Driving Machinery— 
Expanded Metal— American Hoist and Derrick Co. 


Corrugated Bar Co. Contractors’ Plant Manufacturing Co. 


Northwestern Expanded Metal Co. : 
Pneumatic Tools— 


Chicago Pneumatic Tool Co. 
Electro-Magnetic Tool Co. 


Firearms— 


Colt’s Patent Fire Arms Co. 


Pumps— 
Channon, H.:, Co. 
Mietz, August. 
Morris Machine Works. 


General Contractors— 
Breakwater Company. 
Great Lakes Dredge and Dock Oo. 
Maryland Dredging and Contracting Co. 


Ross, P. Sanford, Ine. Pumps, Dredging— 


Hoists celectie Bowers Southern Dredging Co. 


Amervitan®Hoisteande Derrick Co Ellicott Machine Corporation. 


Clyde Iron Works. 
Contractors’ Plant Manufacturing Co. 
General Electric Co. 


Lidgerwood Manufacturing Co. 


Hoists, Gas and Oil— 


Mietz, August. 


Hoists, Steam— 


American Hoist and Derrick Co. 
Channon, H., Co. 
Clyde Iron Works. 
Plant 


Lidgerwood Manufacturing Co. 


Contractors’ Manufacturing Co. 





Morris Machine Works. 


Recording Instruments— 
The Bristol Company. 


Refrigerating Plants— 

Kroeschell Brothers Ice Machine Co. 
Revolvers— 

Colt’s Patent Fire Arms Co. 


River and Harbor Improvements— 
Bowers Southern Dredging Co. 
Breakwater Co. 

Great Lakes Dredge and Dock Oo. 
Maryland Dredging and Contracting Co. 
Ross, BP. Santordwine: 
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Rock Excavators, Subaqueosus— | Storage Batteries— 
Ross, P. Sanford, Inc. Edison Storage Battery Co. 
Thermit— 


Ropes and Cables—- 


American Hoist and Derrick Co. Goldschmidt Thermit Co. 


Broderick & Bascom Rope Co. Waterarvonn 
Channon, H., Co. Ceresit Waterproofing Co. 
Clyde Iron Works. 

Leschen, A., and Sons Rope Co. 
Roebling’s, John A., Sons Co. 


Welding Process— 
Goldschmidt Thermit Co. 


W ire— 
Rust-proof Metals— General Electric Co. 
Bayonne Casting Co. Roebling’s, John A., Sons Co. 
Speed Indicator— Wood Preservatives— 


Ingersoll-Rand Co. Norfolk Creosoting Co. 


viii PROFESSIONAL MEMOIRS 


Selected Articles of Engineering Interest 


Compiled by Henry E. Haferkorn, Librarian, Engineer School. 


In the lists of selected articles published, the publication is referred to by the number 


preceding its title in the following list. 


I, for illustrated; D, for diagrams. 


(1) Annales des Ponts et Chaussees. 

(2) American Machinist. 

(3) Canadian Engineer. 

(4) Canadian Soc. of Engineers. Trans. 
(5) Cassier’s Magazine. 

(6) Cement. 

(7) Cement Age.* 

(8) Cornell Civil Engineer. 


(9) Electrical Review (London). 
(10) Engineer (London). 


(London). 


& Contracting. 


(11) Engineering 

(12) Engineering 

(18) Engineering Magazine. 

(14) Engineering News. 

(15) Engineering Record. 

(16) De Ingenieur (Hague, Holland). 

(17) Journal of American Society of Me- 
chanical Engineers. 

(18) Journal of Western Society of En- 
gineers. 

(19) Journal of Franklin Institute. 

(20) Journal of Royal United Service In- 
stitution (London). 

(21) Proceedings, American Society of 
Civil Engineers. 

(22) Proceedings, 
Philadelphia. 

(23) Municipal Engineering. 

(24) Municipal Journal and Engineer. 

(25) Railway Age Gazette. 

(26) Revue Generale des Chemins de Fer 
(Paris). 

(27) Scientific American. 

(28) Scientific American Supplement. 

(29) Transactions, American Society of 
Civil Engineers. 

(30) Professional Memoirs, Corps of En- 
gineers. 

(31) Journal of the Royal Artillery (Wool- 
wich, England). 

(32) Royal Engineers’ Journal (Chatham, 
England). 


*Now 


Engineers’ Club of 


combined under title: 


The following abbreviations will be used: 


(33) Proceedings 
Club. 

(34) Conerete.* 

(35) Bulletin de la Presse et de la Bib- 
liographie militaires (Brussels). 


Brooklyn Engineers’ 


(36) Internationale Revue ueber die ge- 
samten Armeen und Flotten (German 
and French). (Dresden) 


(37) Revue d’Artillerie (Paris). 

(38) Kriegstechnische Zeitschrift 
lin). 

(39) The Contractor. 

(40) Cement Era. 

(41) Canal Record (Ancon, C. Z.). 

(42) Proceedings, Engineers’ Society of 
Western Pennsylvania. 

(43) Journal, United States Artillery. 

(44) Transactions, Society of Engineers 
(London). 

(45) Journal, Association of Engineering 
Societies. 

(46) United States Naval Institute. Pro- 
ceedings. 

(47) Revue du Genie Militaire (Paris). 

(48) La Technique Moderne (Paris). 

(49) Electrical World. 

(50) Electrical Review (Chicago). 

(51) Journal, Military Service Institution 

(52) Barge Canal Bulletin. — 

(62) Connecticut Society of Civil 
neers. Papers and transactions. 

(65) Journal, Engineers’ Society of Penn- 
sylvania. (Harrisburg, Pa.) 

(70) Minutes of Proceedings, Institute of 

Civil Engineers, London. 
(72) Institution of Engineers and Ship- 
builders in Scotland. Transactions. 

(78) The Army Review, London. 

(80) Journal, American Society of En- 
gineering Contractors, N. Y. 

(82) Journal, New England Water Works 


(Ber 


Engi- 


Association, Boston. 
(83) National Waterways, Washington, 
DAG 


Concrete-Cement Age. 
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AERONAUTICS, MILITARY. 

Mircessaacroplanes. -(11d:), Oct. 3, 1913. D. I. 
BANK PROTECTION. 

Concrete revetment work on the Kansas River improvement. KF. M. Cutler. (Water 
Power Chronicle), Aug., 1913. I.—Use of a plank or lumber apron mattress for shore 
protection on the Upper Mississippi River. C. W. Durham. (12), Aug. 13, 1913. D. I. 
BARGES. : 

Barges propelled with producer gas engines. (3), Aug. 28, 1913. I. 

BaRRACKS. 

Half mile of concrete barracks. KR. McC. Beanfield. (34), Oet., 1913. D. I. 
BARS. 

Proposed improvement of an ocean bar at Atlantic City, N. J. LL. M. Haupt. (14), 
Sept. 11, 1913. 





BLASTING. 
Methods of handling light earthwork. (3), Aug. 28, 1913. 
BREAKWATERS. 


Oape Cod Canal (27), Sept. 6, 1913. D. I.—Oross sections of breakwaters to 
withstand wave action. F. V. Abbott. (80), Nov.-Dec., 1913. D. I.—Excavating for 
breakwater and dry dock at St. John, N. B. (89), Sept. 15, 1913. D. I.—Harbor pro- 
jections and their effect upon the travel of sand and shingle. FE. R. Mathews. (11), 
Sept. 19 and 26, 1913. D. I.—Prize design for Coney Island beach reclamation. (14), 
pote ee 91 =D: 

BRIDGES, SUSPENSION. 

Deflection of unstiffened suspension bridges. G. B. Pillsbury. (380), Nov.-Dee. D. I. 
BULKHEADS. 

Calculation of docks and bulkhead walls. (15), Sept. 20, 1913. D. 
whari-bulkhead. W. M. Torrance. (14), Oct. 9, 1913. D. I. 


CABLEWAYS. 

iandimesecaeway,. Nome, Alaska, (14), Sept. 4, 1913. TI. 
CAISSONS. 

Harbor construction at Kobe and Yokohama, Japan. W. T. Howe. (14), Sept. 18, 
1913. D. I.—New beacon for Alexandria. (Concrete and Constructional Engineering), 
Sept., 1913. I—New sliding caisson for H. M. dockyard, Portsmouth. (3), Sept. 11, 
1913.—Pneumatie caissons for Scotia dam. (15), Aug. 30, 19138. D.—Substructure 
for East River bridge division; New York connecting railway. (15), Sept. 20, 1913. 
eee be 
CANALS. 

Bucket ladder excavators on the Spanish canal Alfonso XIII from Seville to the 
Aieaipicee eye sept. 3, LOts-. D——Cape Cod Canal. (27), Sept. 6, 19138. -D. I.—— 
Chinese famine and proposed flood prevention. CC. D. Jameson. (14), Sept. 25, 1915. 
D. I.—Gen. Bixby’s report in favor of Atlantic Intra-coastal waterway. (Bull. Atlantic 
Deeper Waterways Assoc’n), Sept., 1913.—Grosschiffahrtweg Berlin-Stettin. ( Zeit- 
sehrift des vereins deutscher ingenieure), Aug. 23, 1913. D.—Intra-coastal canal system 
for the Atlantic seaboard. (27), Sept. 6, 1913. D.—Ivrrigation of Santa Cruz Valley. 
New c setiimderider. (15), Aug. 30, 1913. D: I.——Lake Washington Canal. (39), 
Aug. 15, 1913.—New York State barge canal. J. A. Bensel. (Water Power Chronicle), 
Aug., 1913. D.—New Welland ship canal.. (3), Aug. 21, 1913. D.; the same (1), 
Sept. 25, 1913. D.—Present stage of construction on the New York State barge canal. 
E. -Low. (14), Sept. 18, 1913.—St. Lawrence ship channel improvements. H. C. 
Plummer. (27), Sept. 6, 1913. D. I.—Sea level fallacies. M. I. C. BE. (27), Oct. 4, 
1913.—Seepage losses from earth canals. E. A. Moritz. (14), Aug. 28, 1913. D.— 
War Department recommends Atlantic Coast canals. (15), Aug. 23, 1913. 


CANALS—TOWING. 
Aerial propulsion of barges on canals. Il. B. Desbleds. (10), Sept. 19, 1913. 


CEMENT. 
Cement materials and the manufacture of Portland cement in Montana. W. H. An- 
drews (Bull. Inst. of Mining Engineers), Sept., 1913. 


COAST CHANGES. 
Coast erosion in Cumberland. (Surveyor), Sept. 19, 1913. D. 


Feconomical 











x 
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COAST DEFENSE. 
Coast defense in the Civil War. W. J. Buttgenbach. (45), Sept.-Oct., 1913. 





“Duncan” Commended essay. F. W. Barron. (31), Sept., 1913.—New fortifications 
of the coast of Holland. (45), Sept.-Oct., 1913. 
COFFERDAMS. 

Changes in cofferdam at Balboa terminals. (41), Sept. 17, 1918.—Concreting by 
compressed, air. (10), Aug. 22, 1913. I—Failure of coffer at lock and dam No. 48, 


Ohiowhiver, J.-C. Oakes. °(39', Oct. 1, 1913. D. 
COMPRESSED ATR. 


Air compressors and compressed-air machinery. R. L. Streeter. (18), Sept.-Oct., 1913 


D. I—Foreign requirements governing work under compressed air. P. Seurot. (14), 
Sept. 18, 1913. 
CONCRETE. 

Application of unit methods to reinforced concrete building construction. ©. D. 
Watson. (Journal Cleveland Eng. Soc.), Sept., 1913. D. I—Careful study of cracks 


in concrete. (40), Sept., 1913.—Cement and concrete at the Royal agricultural show, 
Bristol. (Concrete and const. eng.), Sept., 1913. I—Compressive strength of con- 
crete and stone. KH. S. Andrews. (10), Sept. 19, 1913. D.—OConcrete dam _ construc- 
tion near Trenton, Ontario. (3), Sept. 11, 1913. D. I.—Concrete bridges: Some im- 
portant features in their design. W. M. Smith, Sr., and W. M. Smith, Jr. (21), 
Aug., 1913. D. I.—Conereting by compressed air. (10), Aug. 22, 1913. I.—Con- 
creting in cold weather. (15), Oct. 11, 1913.—Construction of Arrowrock dam. (15), 
Sept. 6, 1913. J.—Design of footings in concrete. A. N. Worthington. (3), Oct. 9, 
1913. D.—Effect of saturation on the strength of concrete. J. L. Van Ornum. (3), 
Sept. 18, 1913. D.—Effect of saturation on the strength of concrete. J. L. Van 
Ornum. (21), Aug., 1913. D.—Elephant Butte dam construction. L. C. Hill. (15), 
Oct. 4, 19138. D. I.—Exhibits of concrete reinforced concrete at the International 
building exhibition, Leipzig. P. Rauer. (Concrete and constructional engineering), 
Sept., 1913. I—Halen reinforced-concrete bridge, Bern, Switzerland. (14), Sept. 
18, 1913. D. I—Half mile of concrete barracks. R. McC. Beanfield. (34), Oct., 
1913. D. I.—Investigation of the strength of cinder concrete. G. F. Strehan and H. 
Perrine. (14), Oct. 9, 1913. JI.—bLondon’s reinforced concrete regulations. H. K. 
Dyson. (Concrete and const. eng.), Sept., 1913 D—New London county council regu- 
lations for reinforced concrete. P. J. Waldran. (11), Sept. 26, 1913. D.—Rein- 
forced concrete boatways, Rockhaven Harbor, N. D. S. R. Morrow. (14), Oct. 2, 
1913. D. I.—Shearing strength of construction joints in stems of reinforced concrete 
T-beams as shown by tests. A. Saurbrey. (21), Sept., 1913.—Special concrete founda- 
tions in the Manila port district. (14), Sept. 18, 1913. D.—Test of pressure of wet 
concrete. E. B. Germain. (14), Aug. 14, 1913. I.—-Tor Hill reservoir at Regina. 
R. D. Wynne-Roberts. (15), Sept. 6, 1913. D.—Waterproofing qualities of oil-mixed 
concrete. (Concrete and const. eng.), Sept., 1913. I—Werkemin gewapend beton ten 
behoeve van het Staatsmijnbedrijf. A. E. Dinger. (16), Aug. 2, 1918. D. I. 
CONSTRUCTION. - 

Points-in) brick and brick construction. R. J. Marshall. (3), Oct. 9, 1913. D. 
CONVEYORS. 

Belt coal conveyor at Middlesborough. (19), Sept. 26, 1913. D. I.—Mechaniecal 
handling of materials. R. Trautschold. (3), Aug. 21, 1913. D. I. 


CORROSION. 

Corrosion and erosion. (Power), Aug. 26, 1913.—Electrolytic method of preventing 
corrosion. (15), Aug. 28, 1918.—Preventing corrosion of iron and steel. (27), Aug. 
0s LOT as 


CRANES, HOISTS, ETC. 

Luffing cranes at Gladstone dock, Liverpool. (10), Aug. 29, 1913. D.—Oil-motor 
crane. (11), Sept. 12, 1913. I.—40-ton steam titan crane for East London. (11), 
Octed, Lots: =D. -L. 


DAMS. 

Assouan dam. H. H. McClure. (10), Aug. 8, 1918. The same, W. Willcox. (11), 
Aug. 15, 1913. D. The same. R. Williams. (10), Aug. 29, 1913. D. I.—Assouan 
dam and the Nile flood. (10), Aug. 8, 1913.—Atlas dam. (Water Power Chronicle), 
Sept., 1913.—Colbert Shoals Canal, Tennessee River, Alabama. H. Burgess. (30), 
Novy.-Dec., 1913. D. I.—Concrete dam construction near Trenton, Ontario. (3), Sept. 
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a1, 1913. D. I—Construction of Arrowrock dam. (15), Sept. 6, 1913. I.—Con- 
struction of the Scotia lock and dam across the Mohawk River, near Schenectady, N. Y. 
(12), Sept. 3, 1913. D.—Cooley Brook dam washed out. (15), Oct. 4, 1913. D— 
Dam patents. (Water Power Chronicle), Sept. and Oct., 1913. D.—Design and con- 
struction of the Farnham dam of the Pittsfield, Mass., water works. (12), Oct. 8, 1913. 
—Design of masonry dams. R. Fletcher. (14), Sept. 25, 1913.—Elephant Butte dam 
construction. (15), Oct. 4, 1913. D. I.—Emergency dams, Panama Canal. H. Davey. 
(11), Aug. 8, 1913.—Excavation for the Arrowrock Dam, Idaho. C. H. Paul. (Water 
Power Chronicle), Sept., 1913. D. I.—Exhibits of concrete and reinforced concrete at 
the International building exhibition, Leipzig, 1913. (Concrete and const. eng.), Sept., 
1913. I.—Flow over model of Sunol dam. J. N. LeConte. (15), Aug. 16, 1913. D. 
I.—Freemantle graving dock. J. F. Ramsbotham. (21), Sept., 1913. I.—Irrigation in 
Porto Rico. W. L. Squire and F. H. Knapp. (Water Power Chronicle), Sept., 1913. 
D.—Morena rock-fill dam. M. M. O’Shaughnessy. (Water Power Chronicle), Sept., 
1913. D. I.—Miraflores spillway dam. (15), Oct. 4, 1913. Same. (41), Sept. 10, 
1913.—Neglected first principles of masonry dam design. G. H. Moore. (14), Sept. 
4, 1913. D.—New cyclopean masonry dam at Pittsfield. H. A. Miller. (15), Sept. 
13, 1913.—Public works in the Philippine Islands under the American regime. H. F. 
Cameron. (15), Aug. 23, 1913. I—Pneumatic caissons for Scotia dam. (15), Aug. 
30, 1913. D.—Puntledge hydroelectric power plant. (15), Sept. 20, 1913. D. I.—- 
Report on weir in Niagara River. (15), Aug. 23, 1913. D.—Tests of the emergency 
dams, Panama Canal. (11), Aug. 22, 1913.—Uplift pressure in dams. E. Godfrey. 
(14), Aug. 21, 1913.—White Salmon River power development. R. M. Overstreet. (15), 
Ocha. 1 Os. DT. 


DEMOLITIONS. 

How Mexican rebels destroy railways and bridges. G. E. Weeks. (27), Sept. 14, 
1913. I—Nouveau procede de destruction des reseaux de fil de fer. (47), July, 1913. 
D. 


DERRICKS. 

Another rigging for a derrick. (14), Sept. 25, 1913. D.—Erecting 110-foot plate 
girders with a 60-ton derrick car. (15), Sept. 6, 1913. I—Erection derricks sup- 
ported independently of concrete floors. (h5), Sept. 13, 1913. D. I.—Portable 
derrick for erecting heavy poles. (49), Sept. 6, 1913. I. 


DIKES. 

Bringing the sea to Miraflores dock. 27), Sept. 27, 1913.—Chinese famine and pro- 
posed flood prevention. CC. D. Jameson. (14), Sept. 25, 1913. D. I.—Flooding Culebra 
cut. -(39), Sept. 15, 1913.—Destruction of Gamboa dike. (15), Sept. 20, 1913.— 
Gamboa dike to be destroyed. (41), July 23, 1913.—Miraflores to the sea. (41), 
Sept. 3, 1913.—Neuvo dique de Carenas. <A. Fernandez. (Memorial de Ing. del 
ejercito), July, 1913.—El vidrio en las construciones. (Memorial de ing. del ejercito), 
Are 1913. ~ D: 


DOCKS. 

Calculation of docks and bulkhead walls. (15), Sept. 20, 1913. D.—Freemantle 
graving dock. J. KF. Ramsbotham. (21), Sept., 1918. I—New dock at Singapore. 
(3), Sept. 18, 1913.—New Gladstone wet and dry dock, Liverpool, England. (14), 
Sept. 4, 1913. D. I.—Progress of engineering in the East. (11), Aug. 15, 1913. D. I. 


DRAINAGE OF LAND. 
Humphrey pumps for fen drainage. E. G. Crocker. (11), Aug. 22, 1913. 


DREDGES AND DREDGING. 

Cape Cod canal. 27), Sept. 6, 1913. D. I—Dredger for Egyptian delta. (10), 
Aug. 29, 1913. I.—Electric hydraulic dredge. (14), Aug. 28, 1913. I-—EHquipment 
and performance of the British Columbian dredging fleet. (15), Aug. 23, 1913. I.— 
and drainage in Louisiana. A. M. Shaw. (14), Aug. 14, 1913. D. I.—lLarge.clam- 
shell dredges: Levee building methods and standards in California. F. H. Tibbetts. (14),. 
Sept. 4, 1913. D. I.—Launch of a powerful bucket dredge at Collingwood, Ont. C. T. 
R. (Marine eng. of Can.), Aug., 1913. I.—Method and cost of operating hydraulic 
pipe-line dredges on the Upper Mississippi River. C. W. Durham. (12), Sept. 24., 
1913. -I.—Proposed improvement of an ocean bar at Atlantic City, N. J. L. M. Haupt. 
(14), Sept. 11, 1913.—Specially designed boat for digging slopes on barge canal. (39),. 
Aug. 15, 1913. I.—Watkin’s rotary spud dredger. (11), Aug. 15, 1913. D. I. 
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EXCAVATION AND EXCAVATORS. 

Bucket ladder excavators for canal construction. (3), Aug. 28, 1913. I.—Bucket 
ladder excavators on the Spanish canal Alfonso XIII, from Seville to the Atlantic. (12), 
Sept. 3, 1913. I.—Bucket ladder excavators used for canal construction in Europe. 
(39), Sept. 1, 1913. I.—Colbert Shoals canal, Tennessee River, Alabama. H. Burgess. 
(30), Nov.-Dec. D. I.—End of dry excavation. (41), Sept. 17, 1913.—Excavating for 
breakwater and dry dock at St. John, N. B. (89), Sept. 15, 1913. D. I.—Excavation 
and substructure plant for thé Equitable building. (15), Aug. 30, 1913. I—Methods 
of handling light earthwork. (3), Aug. 28, 1913.—Various methods of doing drainage 
and irrigation work. (39), Sept. 1, 1913. I.—vVast ore deposits of Cuba. H. Hale. 
Pi eANe woo, LOLS. . L. 


ENGINEERING-CONTRACTS. 
Discussion of some practical legal phases of contracting. G. T. Sayers. (39), Oct. 1, 
LOTS: 


EMBANKMENTS. 
Economic methods for construction of railroad embankments. (39), Sept. 1, 1913. 


EXPLOSIVES. 
Selection of explosives for engineering work. (14), Sept. 11, 1913. D.—Trinitrotolu- 
ol (Schweiz. Zeitsch. fur art.), Sept., 1913. 


FLOATING DOCKS. 
“Dreadnought” floating dock for the British battleships. IF. C. Coleman. (29), Sept., 
1913. I —Floating dock for the Upper Bosphorus. (Marine eng. of Can.), Aug. 


FLOODS. 

Chinese famine and proposed flood prevention. C. D. Jameson. (14),Sept. 25, 1913. 
D. 1.—Columbus flood prevention: recommendations of the consulting hydraulic engineers. 
(14), Sept. 25, 1913. D.— Control of river floods. C. MeD. Townsend. (3), Aug. 
21, 1913.—-Demand for results from flood prevention studies. (15), Aug. 16, 1913. 
Fleod control in Sacramento Valley. T. G. Dabney. (15), Aug. 29, 1913.—Flood 
control of the Mississippi River. ©. McD. Townsend. (Water Power Chronicle), Oct., 
1913. D.—Flood damage. (15), Oct. 11, 1913.—Flood protection for Dayton. (15), 
Oct. 11, 1913.—Miami River channel investigation. (15), Aug. 16, 1913.—Pennsylvania- 
lines flood damage. (15), Sept. 18, 1913. D.—Preliminary report of army engineers on 
the central states floods. (14), Oct. 9, 1913.—Proposed plan for flood protection at 
Columbuc. -Obi0r (lo), sept 24, 1913. D. 

FORTIFICATION, FIELD. 

Japanese winter exercise. (30), Nov.-Dec., 1913. 
FOUNDATIONS. 

Substructure for East River bridge division, New York connecting railway. (15), 
Sept. 20, 1913. D. I.—Building an addition to a foundation. W. H. Wakeman. 
(Power), Aug. 26, 1918. D.—-Harbor construction at Kobe and Yokohama, Japan. 
W. T. Howe. (14), Sept. 18, 1913. D. I.—Special concrete foundations in the Manila 
DoLiedisthieused. WwW. Granam.. (14), Sept. 18,1913. D. 

GROINS. 

Excavating for breakwater and dry dock at St. John, N. B. (389), Sept. 15, 1913. 
D. I.—Reinforced-concrete sea defenses in England. (15), Aug. 30, 1913. 

HARBORS. 

Agrandissements du port de Marseille. A. Sabourin et F. Dunbar. (48), Sept. 15, 
1913. D. I.—Chicago harbor and subway plans. (14), Aug. 28, 1913.—Harbor 
construction at Kobe and Yokohama, Japan. W. T. Howe. (14), Sept. 18, 1913. OD. 
I.—Harbor development in Seattle. W. L. Kidston. (15), Aug. 238, 1913. D.—Har- 
bor projections and their effect upon the travel of sand and shingle. E. R. Mathews. 
(11), Sept. 19, and 26, 1913. ° D. I—Hydrographic surveying; Oakland harbor develop- 
ment, California. EF. W. Johnson. (14), Aug. 21, 1913. D. I.—Modern pier con- 
struction in New .York harbor. FE. G. Walker and others. (21), Sept., 1913.—Pier 
for the outer harbor at Chicago. (14), Sept. 18, 1913. D.—Progress of engineering 
in the Hast. (11), Aug. 15, 1913. D. I.—The port of Calcutta. (10), Sept. 5, 1913. 
Ty; 


INLAND NAVIGATION. 


Commercial and military value of the intracoastal waterway. (27), Sept. 6, 1915.— 
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Grosschiffahrtweg Berlin-Stettin. (Zeitsch. des vereins deutscher ingenieure), Aug. 23, 
obo. 
INTRENCHING TOOLS. 
Outils portatifs d’infanterie. (47), July, 1913. D. 
JETTIES. 

Construction methods employed in rebuilding the jetties at Humboldt Bay, California, 
with some costs. (12), Oct. 8, 1913.—Proposed improvement of an ocean bar at 
Atlantic City, N. J. L. M. Haupt. (14), Sept. 11, 1918.—Cross section of breakwaters 
to withstand wave action. F. V. Abbott. (30), Nov.-Dec., 1913. D. I. 
LANDSLIDES. 

On landslides accompanied by upheaval in the Culebra cut of the Panama Canal. VY. 
Cornish. (11), Sept. 26, 1913.—Sliding ground in Culebra cut. D. F. MeDonald. 
(14), Aug. 28, 1913.—Suggested method of preventing rock slides. G. S. Rice. (18), 
Sept., 1918. D. I.—Truth about the Culebra cut slides, Panama Canal. A. S. Zinn. 
(14), Aug. 28, 1913. D. 

LOCKS AND LOCK GATES. 

Bucket ladder excavators on the Spanish canal Alfonso XIII from Seville to the 
Atlantic. (138), Sept. 3, 1913. D.—Chinese famine and proposed flood prevention. 
C. D. Jameson. (14), Sept. 25, 1913. D. I.-——Construction of the Scotia lock and dam 
across the Mohawk River, near Schenectady, N. Y. (12), Sept. 3, 1913. D.—Drainage 
of the river Ouse basin. E. G. Crocker. (10) and (11), Aug. 8, 1913. D. I.—Four 
years of lock work. (41), Sept. 24, 1913.—From Miraflores locks to the sea. (41), 
Aug. 13, 1918.—Grosschiffahrtweg Berlin-Stettin. (Zeitsch. des vereins deutscher inge- 
nieure), Aug. 23, 1913. D—New Welland ship canal. (3), Aug. 21, 1913. D.— 
wame (14), Sept. 25, 1913. D.—Panama Canal. (11), Aug. 1, 1913. D. I.—Same 
(Water Power Chronicle), Aug., 19138. D. I.—Puntledge hydroelectric power plant. 
(15), Sept. 20, 1913. D. I.—Tug successfully passed through west flight at Gatun 
locks on Sept. 26. (41), Oct. 1, 1913.—Water-tight lock gates. (41), Aug. 6, 1913. 
D.—Same (Water Power Chronicle), Sept., 1913. D.—Colbert Shoals Canal, Tennessee 
River, Alabama. H. Burgess. (30), Nov.-Dec., 1913. D. I. 


MATERIALS. 

Compressive strength of concrete and stone. EH. 8. Andrews. (10), Sept. 19, 1913. 
D.—Large testing machines and government work in testing materials. (14), Sept. 18, 
1913.—Present method of testing. H. Hvbert. (10), Sept. 5, 1913.—Thermal testing 
plant at the Pennsylvania State college. J. A. Moyer. (14), Oct. 9, 1913. 


MATTRESSES. 

Use of a plank or lumber apron mat for shore protections on the Upper Mississippi 
hRivstaeOwWweDurnam.  (12:),:Aug. 13, 1913. D. I. 

MILITARY BRIDGES. 

Austrian light artillery bridges. (31), Sept., 1913.—Bridge operations conducted 
under military conditions. C. HE. P. Sankey. (70), v: 192, pp. 77-142. D.—Ponton 
bridge work in swift water. Military Ponton bridges. (80), Nov.-Dec., 1913. 
MILITARY ENGINEERING. 

Organization and duties of field companies. R. E., in peace and war. R. N. Harvey. 
(82), Oct., 1913. 

MILITARY TOPOGRAPHY. 

Lecture des cartes topographiques. (Revue de Varmee Belge), May-June, 1913. 
MOTOR TRUCKS. 

Electric tie boring and spiking machine. (14), Sept. 11, 1918. I.—Motor truck in 
contracting and construction work. R. W. Hutchinson, Jr. (13), Sept., 1913. 


PANAMA CANAL. 

Bringing the sea to Miraflores dock. 27), Sept. 27, 1913.—Destruction of Gamboa 
dike. (15), Sept. 20, 1913.—HEffect of the Panama Canal on Far Eastern trade. (11), 
Sept. 12, 1913.—Filling the Panama Canal. (15), Aug. 30, 1913.—Flooding Culebra 
cut. (39), Sept. 15, 1913.—Panama Canal and American trans-continental railways. 
(11), Aug. 8, 1913.—Panama Canal emergency dams. H. Davey. (11), Aug. 8, 1913. 


PIERS. 
Commonwealth pier 5, Boston. (15), Sept. 6, 1918. D.—Harbor construction at 
Kobe and Yokohama, Japan. W. T. Howe. (14), Sept. 18, 1913. D. I.—Modern 


rl i 


pier construction in New York harbor. KE. G. Walker and others. (21). Sept., 19138 
































SELECTED ARTICLES OF ENGINEERING INTEREST xix. 


POLLUTION OF STREAMS. ; 
Rational basis for sanitation of rivers and harbors. G. A. Soper. (15), Sept. 13, 
1913.—Sanitary control of waterways. G. C. Whipple and others. (15), Sept. 13, 713. 


PUBLIC WORKS. 

National drainage congress bill- for government reclamation of swamp lands. (12), 
Oct. 1, 19138.—Public works in the Philippine Islands under the American regime. H. F. 
Cameron. ((15).,Aug. 16 and:23, 1913. ~D. I. 


RAINFALL. 

Brief discussion of rainfall and its run-off into sewers. S. A. Greely. (18), Sept.,. 
1913. D.—Derivation of run-off from rainfall data. J.D. Justin. (21), Aug., 1913. D 
KRHESHrVGLits 

Reservoirs at the headwaters of the Mississippi River. (Water Power Chronicle), Aug..,, 
1913.—Tor Hill reservoir at Regina. R. O. Wynne-Roberts. (15), Sept. 6, 1913. D. 
RECLAMATION OF LAND. 

‘Use of vegetation for reclaiming tidal lands. G. O. Case. (11), Aug. 22-Sept. 12, 
nota seel) 1. 

RIVER GAGING. 

Mississippi river gagings with rod floats. F. V. Parker. (30), Nov.-Dec., 1913. 
RIVER REGULATION. 

Ambitious river regulation plan. (14), Sept. 4, 1913.—Colbert Shoals canal, Tennes- 
see River, Alabama. H. Burgess. (30), Nov.-Dec., 1913. D. I. 


ROCK EXCAVATION. 

Methods and costs of drilling and blasting subaqueous flint rock. (12), Oct. 8, 19138. 
D.—Methods of rock drilling, Tuscumbia Bar,. Tennessee River. J. E. Hall. (89), 
Sept. 15, 1913. D. I.—Colbert Shoals Canal, Tennessee River, Alabama. H. Burgess. 
(80), Nov--Dec:, 19138. _D. L. 


SEA-WALLS. 

Cape Cod canal. (27), Sept. 6, 1913. D. I.—Coast erosion in Cumberland (Survey- 
or), Sept. 19, 1913. D.—Prize design for Coney Island beach reclamation. (14), Aug. 
TASS LO se): 

SHORE PROTECTION. 

New system of concrete coast protection. (34), Oct., 1913. D. 
SPILLWAYS. 

Miraflores spillway dam. (41), Sept. 10, 1913.—Morena rockfill dam. M. M. 
O’Shaughnessy. (Water Power Chronicle), Sept., 1913. D. I—New York barge canal. 
J. A. Beuzel. (Water Power Chronicle), Oct., 1913. D. I. 

STREAM MEASUREMENTS. 


Measurement of the flow of streams by approved forms of weirs with new formulas and 
AMiaeramMss elo he layman, - (21). Sept., 1913. D: 


SURVEYING. 
Hydrographic surveying; Oakland harbor development, Cal. F. W. Johnson. (14), 
Aue 2b Olas, Ds: IT, 


TIDES. 

Tidal phenomena in the harbor of New York. H. deB. Parsons. (21), Sept., 1913. D. 
TOWING. 

Towing locomotives for Panama. (15), Oct. 4, 1913. 
LRANSPORTATION. 


Some aspects of the subject of transportation. J. E. Kuhn. (28), Aug. 30, Sept. 6, 

ald i3,, 1913: 
WAVE ACTION. 

Wave action on Limon Bay shore line. (14), Aug. 6, 1913. 
WHEIRS. 

Higwasovermmodelsot .scunol dam. «J. N. LeConte., (15), ‘Aus. 16, 1913:. D:. L=— 
Measurement of the flow of streams by approved forms of weirs with new formulas and 
Qiachamseens kos liyman:  (21),Sept,-1913. D. 

WHARVES. 

Economical wharf-bulkhead. W. M. Torrance. (14), Oct. 9, 1913. D. I.—In- 

teresting pile failure. (14), Sept. 4, 1913. I. 
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Whatever the 
Army Engineer 
Wants to Know 


about civil engineering works, in- 
cluding river and harbor improve- 
ments, canals, locks, drainage, ir- 
rigation, etc., he will find in ENGI- 
NEERING RECoRD—the most useful 
and progressive paper in the field 


Let the RECORD 


Serve You 


Its 52 numbers cost you 
only $3.00. 


Write forsample copy to- 
day—or, better still, send 
your yearly subscription 


Engineering 
Record 


239 W. 39th St., New York 
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The Bottle That Keeps k 
Hot Liquids Hot 24 hrs. 
Cold Liquids Cold 3 days 


Icy-Hot Bottles should beapart 
of your equipment. No matter 
where you go—in the mountains, 
at the shore, traveling, boating, 
fishing, hunting, golfing, motor- 
ing, picnics—you may instantly 
serve icy cold or steaming hot fg | 
drinks or food, where it would 
be impossible to prepare them. 


ICY-HOe 
LUNCHEON CASE 
To hold one Icy- 
Hot bottle and a 
lunch box. Madein 
pint and quart size 


Write for free Booklet fully 
describing IC Y-HOT Bottles 
and Luncheon Cases. 


The Icy-Hot Bottle Co. 


203 Opera Place 
Cincinnati, Ohio 











oy 


The Diamond Mesh 


O 
Ss 
20° Econo Steel Reinforcing 


< Distributes the Live Load in All 
& Directions Equally 








Send for Booklet 121, for further reasons why Econo 
dominates. 


North Western Expanded Metal Co., 912 Old Colony Building, Chicago 








Measuring 


ACCURACY AND 
DURABTBEI Ys 


THE [UFKIN feuLe C' 










Tapes 


SERVICE AND 
SATISFACTION 


SAGINAW, MICHIGAN 
New York London, Eng. 
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“STERLING” 
(BUFF _ TRANSITS AND LEVELS 
Used by 
Government, 
Municipal, 
Railroad, 
and 
Mining 
Engineers 
on 
Important 
Engineering 
Works 
in all parts 
of this 
Country and 
abroad. 








Engineering Instruments 









Jamaica Plain Station 
Boston, Mass. 


Send for Catalog 40 





Office, Salesroom, and Factory 
; 136 N. 12th St., Philadelphia,U.S.A. 
‘“Buff’’ Transits are the best—not 


because we say so, but because * Buff” Warren- Knight Co. 


owners Say SO from every corner of Successors tolszard-W arren Co. 
this country. 

















TRADE MARK 


DIAMOND RAPID“ 


BaRIRTaReO Fir F ‘D R | L L! 


‘The most econom- patent Applied @ Strikes blows like 
ical means of drill- Per, ‘ , hand hammer with 
ing holes in brick, jy greatly multiplied 
stone, or concrete. speed. 





Write for Bulletin No. 91 
Diamond Expansion Bolt Co., 90 West Street, New York 











The Best and Most Powerful 


GRAB BUCKETS 


for Excavating, Dredging, and Re- 
handling Bulk Material 


Are Manufactured By 


ANDRESEN-EVANS COMPANY 





Opens 50 Per Cent Wider 3 
Than Clam Shells 635 Railway Exchange Building, Chicago, III. 
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THIS SWIMMING POOL WAS WATERPROOFED WITH 


For Cement 
Mortar 


For Concrete 
Construction 





CERESIT WATERPROOFING CO.,, 129 S, Clark Street, CHICAGO, ILL. 
Branches: 1133 Broadway, New York. 1218 S. Chestnut St., Philadelphia, Pa. 


The First Step to Efficiencp 


RISTOL RECORDERS will 


give you accurate dependable 













measurements of time, pressure, tem- 
perature, electricity and speed, upon 
which you can calculate standards of 
sficiency. 


The Bristol Trade Mark 


stands for the most extensive line of 
recording instruments in the world. 
It stands for rugged simplicity, dura- 
bility, and dependable accuracy. 
Thousands of them are in use all 
over the world. 





@WVrite for our condensed catalogue, 
No. 160-L. 





4828 


The Bristol Company, Waterbury, Conn. 
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Bex L. b. GURLEY 


PROS NGCY. 
Civil Engineers and Survevors 
Instruments 


Standard Tcights and Measures 
Physical Laboratory Apparatus 
Accurate Thermometers 


Catalogues mailed on application 


Branch Factory: No. 315 Maritime Building, Seattle, Wash. 



































































































































K. & E. Ouerieerinc Instruments 
Transits, Levels, Rods, Capes, Etc. 


are the Recognized Standard in All Branches of the Engineering Profession. 
The Excellence of Their Design and Construction insures Accuracy and 
Durability under all conditions of use. Consult Our Catalogue. 


DRAWING MATERIALS| KEUFFEL & ESSER CO. CHICAGO 


alee tet AND GENERAL OFFICE AND FACTORIES Selous 
INSTRUMENTS HOBOKEN, NEW JERSEY| SAN FRANCISCO 
MEASURING TAPES NEW iO) Rk. 127 Fulton Street MONTREAL 
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Norfolk Creosoting Co. 


NORFOLK, VIRGINIA 


C'reosoted 
Piles, Timber, Ties 
Telephone and Telegraph Poles 


Crossarms and Conduit 


Capacity, 50,000,000 per annum 




















Hammerless! Solid Breech! Automatically Safe! 


COLT Caliber.25 AUTOMATIC PISTOL 


This compact little COLT “Six-Shooter’’ 

is only 4% inches long, weighs but 13 

ounces, yet has the speed, accuracy, and 

hard-hitting qualities that give confidence 
in an emergency. 


JUST FITS the VEST POCKET! 


Combined with these features is absolute safety 
against accidental discharge—the Grip Safety 
automatically locks the action until the trigger 
is purposely pulled—no worry on your part. 


\“ You Can’t Forget 
to Make it Safe!’ 


See One at Your Dealer’s. Send for Descrip- 
tive Folder 


Colt’s Patent Fire drms Mfg. Co. 


HART FORD, CONN. 
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Electric Hammers 


PEN K OF IT! 


HESE HAMMERS offer the same possi- 

bility of Labor Saving as do Air Hammers, 
without the necessity of Compressor Plant and 
Piping. That means low first cost and low main- 
tenance, from 70 to QO per cent power saving. 
























Any place where there is a lighting outlet or socket 
is equipped for these hammers. That means instant 
readiness to serve. 


CHIPPING METALS 
DRILLING CONCRETE, BRICK, ETC. 
SURFACING, CHANNELING 


Our Literature Tells The Story of Construction — Our 
Customers Tell The Story of Success 


Electro-Magnetic Tool Co., 115 S. Clinton Street, Chicago, III. 











“BUFFALO HOISTS: 
Hoisting Engines and Derricks 


They are best because they combine greatest sim- 
plicity and durability with highest efficiency 





We manufacture a complete line of hoisting machinery 
and derricks for every purpose. 

One of our strongest features is instant action, as we 
carry a large stock of all machines ready for 
immediate shipment. Every machine is con- 
structed on the duplicate part system. Our 
line includes— 





‘*uffalo Hhoists’’ 
_ Hoisting Engines, Electric Hoists 
& Boom Swingers, Hand Power 
Hoists, Horse Power Hoists 
Derricks 

Guy, Stiff Leg, Traveling, Re- 
volving, Pile Driver, Derrick 
Irons, Blocks, Plows, Skips, 


wa m ii aoe Road Rollers. 
Double Drum Hoisting Engine, Boiler and 
Boom Swinger. Write for Complete Catalog 


THE CONTRACTORY’ PLANT MANUFACTUR’G CO. 
129 Erie Street, Buffalo, N. Y. 
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DERRICKS, HOISTS, GRAB AND SCRAPER BUCKETS, AND A 
COMPLETE STOCK OF CONTRACTORS’ SUPPLIES, 


H.Channon Company. 
Chicago. 








NIRS 
ETA 
A Natural Alloy—NICKEL & COPPER 


Specified by the Navy on Account of its 
Non-Corrosive and High Tensile Qualities 


CASTINGS, RODS 
BARS, SHEETS 
FORGINGS 
INGOTS, SHOT 





The BAYONNE CASTING COMPANY 


BAYONNE, NEW JERSEY 
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THE TUNKHANNOCK VIADUCT 


BARGEST OF ITS KIND IN THE WORLD 


Pier Foundations Built Within Cofferdams of 
LACKAWANNA STEEL SHEET PILING 












4 


Lackawanna Steel Sheet Piling 3 
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Lackawanna : 
Steel Sheet Piling * 








me : Rock Line 
Constructed under direction of Engineering Dept., D. L. & W. Rk. R. Co., 
G. J. Ray, Chief Engineer, F. L. Wheaton, Engineer of Construction, and 
C. W. Simpson, Resident Engineer in charge of the viaduct. Contractors: 
Flickwir § Bush, Inc., New York. 

The new D. L. & W. R. R. viaduet over Tunkhannock Creek near Hall- 
stead, Pa., reaches 240 feet above the bed of the creek, is about 2375 
feet long and 34 feet wide. 

Ten arches each have a clear span of 180 feet, and the pier footings 
extend down to bed rock, which in some instances les as much as 60 feet 
below the level of the creek, and over 90 feet below ground level. 

The excavations for all pier footings which extended deep below the 
surface, as most of them did, were made within single wall, telescope 
cofferdams of Lackawanna Straight-Web Steel Sheet Piling. 

This is an almost unheard of depth for open steel sheet piling caissons. 
You should be interested in pictures of this work. 


[ACKAWANNA STEEL (MPANY 


General Sales Office and Works: Lackawanna, New York 


Boston Buffalo Cleveland Chicago St. Louis Atlanta 


New York Philadelphia Cincinnati Detroit San Francisco 
105 
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The special valves on 
CLYDE HOISTS distrib- 


ute the steam so well that back- 


pressure is entirely eliminated— 


meaning more power quicker 










than you can develop it from 


any other hoist! 


And there are other reasons well 
worthy of your consideration— 
shall we send them along? 


Youll find a Repeat: 
rder built into vee 
e 


Mee z 
C Lb Yebee IRON WORKS 
MANUFACTURERS of CLYDE-GRADE HOISTING MACHINERY 
Duluth, Minnesota. U.S.A. 
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LIDGERWOOD 
fee HOISTS se 





We Build Hoists for Every Rona of Use 





DE vero VINE GRAB BUCKET “HOIST 


Loose Gear Wheel on Rear Drum Saves Friction Losses. Lower 
Drums Free to Operate While Upper Drum Sustains Loaded Boom. 
Similar Styles in Electric Hoists. 





i 


ENDLESS ROPE HOIST 


Built for Pennsylvania Railroad for Constructing Hudson ‘Vunnels. 
Note the Heavy Compression Members. 


Lidgerwood Manufacturing Co. 
Pomiobisth ily o.REEAY, NIEW YORK, N.Y. 
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Products of the G. E. Co. 





MADE ESPECIALLY FOR 
MARINE SERVICE 


Gasolene-Electric 
Generating Sets 


Steam Engine Gen- 
erators 


Turbo Generators 
Motors 

Mazda Lamps 
Arc Lamps 


Searchlights, Incan- 
descent and Arc 


Switchboards 


Meters and Instru- 
ments 


Wire and Cable 

Wiring Devices 

Telltale Boards 

Electric Bake Ovens 
and Ranges — 


Electric Radiators, 
Tubular and Lu- 


minous 
Ozonators - 


General Electric Company 


Largest Electrical Manufacturer 










in the World 
General Office, Schenectady, N. Y. 


District Offices in: 
Atlanta, Ga. 
Chicago, Ill. 
Denver, Colo. 
Philadelphia, Pa. 
Boston, Mass. 
Cincinnati, Ohio. 
New York, N. Y. 
San Francisco, Cal. 


Sales Offices in all 


large cities 


4187 
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SHebherser Rolling Lift Bridges 


Aid and develop transportation, facilitating and expedt- 
ting railroad, street railway, highway and water traffic 












Scherzer Rolling Lift Bridge across the Savannah River at Savannah, Georgia, 
for the Seaboard Air Line Railway Company, adapted to existing approach 
spans and piers. Movable span, center to center of bearings, 131 feet. This 
bridge was constructed by the railway company, following the satisfactory ex- 
perience with a bridge of the Scherzer type built for their use at Tampa, 
Florida. Duplication after years of service is the best evidence of merit. 

“Bn all things, but proverbiallp so in mechanics, 

the supreme excellence is simplicity.”—James Watt. 


Simplicity in design, economy in construction, operation,.and main- 
tenance, and efficiency in service, the essential requirements of 
modern movable bridges, are all embodied in the highest degree in 
Seberser Rolling Lift Bridges. Che moving leaf is in one piece, 
with its counterweight firmly fixed to and rigidly bracing the trusses. 
There are no complicated links, pins, and flexible connections re- 
quiring constant attention and lroe expense to maintain. ‘The large, 
simply constructed rollers supporting the moving span during its 
operation roll on smooth and level tracks neta friction. Small 
power is required for operation and it is simply and directly applied. 
Simplicity is the keynote in the design of the Scherzer type of bridge. 
‘Economy and efficiency in service must necessarily follow. “Uhe 
most important Governments, Railroads, and Municipalities in the 
United States, England, Ireland, Holland, Russia, France, Egypt, 
India, Canada, Argentine, Mexico, etc., are using the Scherzer type 
of bridge, more than one hundred and seventy now being 
in service and under construction. One-half of these are 
additional orders from satished patrons——further evidence of the su- 
periority of the Mcher3er Rolling Lift Bridge and demonstrating 
that the principle upon which it is based is fundamentally right. 
Write us for Information, Catalogue, Sketches, and Estimates. 
THE SCHERZER ROLLING LIFT BRIDGE COMPANY 
Main Offices: Monadnock Block, Chicago, U.S.A. 
Cable address: Scherzer, CHIcaGo. Eastern office, 220 Broadway, NEw YORK 
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CORRUGATED BARS 


were used as concrete rein- 
forcement in the Panama Ca- 
nal construction—the greatest 
engineering feat of the age. 
§| Corrugated Bars have less 
loss of section than any other 
type. They are greatly sw- 


pertor to twisted bars in elastic 

limit strength. In fact, twist- 

ing a bar does not raise its 

Locks on the Panama Canal elastic limit. 4 We have Two 
Regular Rollings per month, and Large Stocks at many points. 





A RIBBED EXPANDED METAL 
for LIGHT, QUICK, FIREPROOF 
CONSTRUCTION 


CORR-MESH in Floors and Roofs saves expense of centering. 
CORR-MESH in Walls and Partitions, is stud and lath combined. 
CORR- MESH is econom- 
ically and effectively em- 
ployed in manufacturing 
plants, railway work, stuc- 
co residences, farm out- 
buildings, silos, sewers, 
conduits, fences, garages, 
etc. 4 Send for our hand- 
book," Useful Data on Corr 


Products.’’ 





PRES. 


& 


SALIDA EAL SAS 








é CORR-BARS 
CORRUGATED BAR CO.  Corr-BsrUNts 
410 Mutual Life Building Corr -[INE SPACERS 
pe Corr PLATE[LOORS 
BUFFALO. N.Y. Corr JiLFFLoor 
New York Chicago St. Louts CorrBar-O 
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SS (Osby SS 


THE GENUINE 


mROSBY” CLIP 


on your guy and hoisting ropes will safeguard your 
equipmentand material and protect your workmen. 


On important construction work everywhere you 
will find the Genuine 


ZEROSBY 7? CLIP 


TOU WII Lie ALSO: =F IND THAT 


it FeO LDS : 
ALWAYS 


Drop Forged from Bessemer Steel. Made 
on Correct Principles. Galvanized. Can 
Not Break, Slip, nor Rust. 


el ODS 


AMERICAN HOIST @&@ DERRICK CO. 
ST. PAUL, MINN. 


Chicago New Orleans Seattle 
New York San Francisco Portland 
Pittsburg Los Angeles Spokane 
Winnipeg Calgary Denver 


Edmonton Vancouver 
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BAUSCH & LOMB 
ENGINEERING INSTRUMENTS 
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Reciproscopic telescope; fixed collimation; interior focusing; interchangeable astro- 
nomical and erecting eyepieces; self-contained adjustments— overcomes errors of 
mechanical inequalities and effects of temperature. Send for 


New Complete Catalogue 


of unusual interest to the engineer—describes and illustrates our complete line, 
showing many original features and advanced ideas. 


Bausch ¢5 lomb Optical ©. 


NEW YORK WASHINGTON CHICAGO SAN FRANCISCO 


LONDON ROCHESTER. NY. FRANKFORT 


IN ANSWERING ADVERTISEMENTS, PLEASE MENTION PROFESSIONAL MEMOIRS 


PROFESSIONAL MEMOIRS XXXV 





(; OST of transportation is one of the important fac- 
tors to be considered in selecting conduit ma- 
terial. Advantage in this respect is but one of the 


claims which 


ORANGEBURG 
FIBRE CONDUIT 


has to the attention of engineers. Extreme lightness 
reduces carriage costs to a minimum. 

Breakage from factory to the bottom of the ditch is 
so slight that it can be almost disregarded. Long 
lengths and snug-fitting joints make perfect work, even 
if only ordinary labor is used. 

ORANGEBURG FIBRE CONDUIT gives assurance 
against seepage of concrete and electrolysis. Tough, 
durable, efficient, it is the perfect conduit material. 

And its superiority is proved by repeated tests. Our 
Condwit Book, giving full detailed results of tests, mailed 


on request. 


Peer BRE CONDULE -COMPANY 
Main Office and Works, Orangeburg, N. Y. 
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Wire Rope 


for Cranes, Derricks, Dredges, 
Cableways, Tramways, and 
every other purpose for 

which Wire Rope 


Bare and 


is used. La a Insulated 
Hooks, Sockets GC a A Iron, Steel 


and other and Copper Wire 


fastenings. — rer" John A. Roebling’s 
Sons Co. 


TRENTON. Nee 


AGENCIES AND BRANCHES: 
New York Chicago Philadelphia Pittsburg 
Cleveland Atlanta San Francisco 
Los Angeles Seattle Portland, Ore. 








For Heavy Duty of Every Character 


racic i Ge 









STRONG = a 7 DURABLE 





TRADE MARK REGISTERED 


The adaptability of the HERCULES Wire Rope in its various styles of con- 
struction—Patent Flattened Strand and Round Strand—to extra severe service of 
every nature is recognized by Construction Engineers everywhere. 
Derricks, Cableways, Dredges, Steam Shovels, Ballast Unloaders. 
1857 — Fifty-six Years in Business— 1913 


A. LESCHEN AND - SONS ROPE CONST ow 


NEW YORK CHICAGO DENVER SEATTLE 


The Most Powerful 
WIRE ROPE MADE 


Broke all records for ballast unloaders on the 
Panama Canal, Used on nearly all big contracts. Write for particulars. 









wyrart 
Bu LOWIS 
Rage ex tscxdt eS BE ne or, 
goo WERSTEEL RODE 


bcd 





















Address, BRODERICK & BASCOM ROPE CO., St. Louis, Mo. 


Branches: New York, N. Y. Ask for Catalogue No. 12 Factories: St. Louis, Mo. 


Seattle, Wash. Seattle, Wash. 
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Pneumatics is a Science— 
Building Air Compressors an Art 


Our KNOWLEDGE of the Science, and our EXPERIENCE in 


the Art are expressed in the logical design and sensible construction of 


“Chicago Pneumatic” Air Compressors 


XXXV11 















CLASS L-SB. BELT-DRIVEN COMPRESSOR. 


WORKING PARTS ALL ENCLOSED 
SELF OILING 
EXCEPTIONAL VALVE AREA 
THOROUGH AUTOMATIC REGULATION 
MAXIMUM EFFICIENCY WITH MINIMUM 
POWER CONSUMPTION 


Air Compressors for All Purposes—Steam, Belt, Gear, Gasoline En- 
gine, and Direct Motor Drive 


SEND FOR COMPRESSOR BULLETINS 
Address Department KK 


GimtGAGO PNEUMATIC TOOL COMPANY 


Chicago Office B Faia) Sea yee New York Office 
1054 Fisher Building PS ECR h eae 50 Church Street 
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Morris Machine 
W orks 


Baldwinsville, N.Y. 


Manufacturers of 


Centrifugal Pumping 
MMlachinery 











New York Office db 
39-41 Cortlandt Street 














| MIETZ & WEISS OIL ENGINES 


Stationary and Marine 2-400 Horse- 
power. 

Over 200,000 Horsepower in Operation 

Simple, Safe, Reliable, Durable, and 
Economical. 

Operate on Kerosine, Fuel O11, Crude 
Oil, and Alcohol. 

For All Power Purposes. Send for 

Catalogue. 


AUGUST MIETZ 
120 Mott Street - New York City 












































































It will pay our advertisers to read the articles 
in the MEMorIRS and it will pay our subscri- 
bers to read the advertisements. Both are kept 
up to date. 
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BAS CUAIZES BRL AGE 





Trunnion Single 
Bascule and 
and Double 
Strauss Leaf 
Direct Pee 
] an 
ee Underneath 
Wes Counter- 
Le weight 
cee Ornamental 
and and 
Highway Pia 
Structures Designs 


Across the HARBOR ENTRANCE, COPENHAGEN, DENMARK 
(Ornamental Overhead Counterweight Type) 


Strauss Designs adopted by the United States Government for bridge over 
Black Rock Channel, Buffalo, N. Y., and by the Isthmian Canal Commission 
for Panama Railroad Bridge over the Gatun River. 


Eighty-five (85) Strauss Bascules in Service and Under Construction 
Sketches and Estimates Furnished Free of Cost 


The Strauss Bascule Bridge Co., Engineers 
Main Office: 


Montreal 104 South Michigan Avenue, Chicago New York 








Ambursen 
Hydraulic Construction 
Company 


Engineer -Constructors 


88 Pearl Street, Boston 
New Birks Building, Montreal 


111 Broadway, New York 


Our experience is gained in the successful building of 80 dams to date 

(May 1, 1913), of all heights up to 150 feet and having an aggre- 

oate length of over 5.9: miles, and on all kinds of foundations from 
ledge rock to quicksand. 
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Electric Driven Deming 
Triplex Power Pump 
for General Water Sup- 
ply. Adapted also for 
Gasoline Engine 


For operation by gasoline 
engine, motor, or belt drive 
from line shaft. Cost less to 
operate than steam pumps. 
Made in manydifferentstyles 
and sizes for all conditions. 











THE DEMING COMPANY, SALEM, OHIO 
Manufacturers of Hand and Power Pumps For All Uses 


HENION & HUBBELL, Chicago, General Western Agents. HARRIS Pump & SupPLy CoO., Pittsburg 



















ARE. YOU  -INTERES Eis 


Foreign in Foreign Trade? Do you manu- 


facture or sell any articles in for- 

eign countries, or have you a desire 
Crave to do so? If you do, an advertise- 
ment in Professional Memoirs 
will aid you in the sale. We have to-day subscribers in the 








following nineteen foreign countries, exclusive of our own foreign 
possessions: Nova Scotia, Japan, China, India, Norway, Spain, 
Holland, Belgium, England, Scotland, Germany, Italy, Bulgaria, 
Brazil, Mexico, Canada, Santo Domingo, New Zealand and Ar- 
gentine. ‘lhese subscribers are interested in harbors, docks, rail- 
roads, and municipal improvements in general, and, naturally, in 


all articles entering into their improvement or extension 


Si SES SE Si ee 
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ROCK DRILLS 


MORE INGERSOLL-RAND 
ROCK DRILLS 


ARE IN USE ON THE 
PANAMA CANAL | 

THAN OF ALL 

OTHER. 











HUNDRED 
THOUSAND 
INGERSOLL-RAND 
ROCK DRILLS HAVE 
BEEN BUILT AND SOLD 
THROUGHOUT THE WORLD: 








INGERSOLL-RAND COMPANY | 
11 Broadway, NEW YORK Home Life Bldg., WASHINGTON, D.C. 


AIR COMPRESSORS PLUG DRILLS PNEUMATIC TOOLS 
ROCK DRILLS CORE DRILLS AIR HOISTS 
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WELDING PROCESS 


Repairs All Wrought-Iron and Steel Sections 
In the Quickest and Most Economical Manner 


WELDS CAN .BE MADE ANYWHERE 


HE THERMIT PROCESS offers the great advantage that 
welds on large sections can be made without removing the 
broken part from its position. Locomotive frames are welded 

without dismantling the engine; sternposts and rudder frames of 
steamships are repaired without removing them from the ship. The 
same advantages apply to other large repairs which may be executed 
in a few hours. 











Thermit is a mixture of finely divided aluminum and iron oxide 
which, when ignited, reacts to form superheated liquid steel and 
superheated liquid slag (aluminum oxide) at a temperature of 
5,400° F. In welding, the steel is poured into a mold surrounding 
the pieces to be welded together and which have previously been 
brought to a red heat by means of a gasolene torch. ‘The very 
high temperature of the Thermit Steel causes it to dissolve the metal 
with which it comes in contact and amalgamate with it to form a 
single homogeneous mass when cool. 

We execute repairs by contract under guarantee or supply materials 
and supervision. Small repairs are made at our Jersey City Shops. 
Estimates promptly furnished on receipt of a blue print or sketch. 


Write for Pamphlet No. 20-2 and for “Reactions,” the Thermit 
Quarterly ? 


GOLDSCHMIDT THERMI iG 


90 WEST STREET, NEW YORK 


432-436 Folsom Street, 103 Richmond Street, W. 
SAN FRANCISCO TORONTO, CAN. 
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Safety 
Economy 


Efficiency 


Pere boo N 1G. ANHYDRIDE 
pYyolEM OF REFRIGERATION 


orem AakINE AND. LAND INSTALLATIONS 


WRITE FOR CATALOG 


Kroeschnell Bros. Ice Machine Company 


454 W. Erie Street GHICAGO-ILL. 
Eastern Office: 136 Liberty St., New York, N.Y. 











FRANK A. Furst, President EDWIN WaRFIELD, Treasurer 
SEYMOUR MANDELBAUM, VF. Prest. WM.A. OETTINGER, Asst. Treas. 
Joun T. Datty, Secretary 


Maryland Dredging and Contracting 
Company 


River and Harbor Improvements 
General Contracting 


Office: Fidelity Building 


Baltimore 
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Advertising Pays 


i HAVE PROVEN IT to our own 


thorough satisfaction. About October 


xliv 


15, 1911, we decided to begin an advertising 
campaign for new subscribers. €We could not 
afford to spend much money, so we picked our 
field and are cultivating it slowly, but steadily. 
@The results have been highly satisfactory, as 
we have made a net increase of 80 per cent in the 
number of subscribers. 4 Almost without exception 
(excluding libraries and colleges), the subscrip- 
tion list is made up of practicing engineers—that 
is, engineers who are purchasers as well as users 


of engineering materials. 
What does that mean? 


It means that the Professional Memoirs is a 
picked field for every Manufacturer and Dealer 
in Engineering Supplies of Any Description. 
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C. L. CRANDALL, Vice-President 
Member Am. Soc. C. E. 


R. P. CLARK, President and Manager 
B. K. CROWELL, Treasurer “ 
G. C. ANGIER, Secretary 


Bowers Southern Dredging Company 
Galveston, Texas 


Branch Offices : 


Jacksonville, Florida Havana, Cuba Port Arthur, Texas 


Builders and Operators of Hydraulic and Clam 
Shell Dredges 


Capacity 4,000,000 cubic yards per month 


Estimates submitted on application 


Fully equipped to handle River and Harbor Improvements, Subma- 
rine Rock Excavation, Drainage or Reclamation Projects of any size. 





ENGINEERS 1829 PETER SANFORD 
and Established 1829 1866 P. SANFORD & Co. 


CONTRACTORS 1875 Ross & SANFORD 
1893 P. SANFORD ROSS 


P. SANFORD _ ROSS, Incorporated 


Wharves, Structures, Dredging and Harbor Improve- 
ments 


Sub-Marine Rock Removal 


277 Washington Street 
Jersey City, N. J. 


Savannah, Ga. 
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A partial view of the substructure of the Ore Unloading dock improvement 
in Cleveland Harbor. ‘The 


5,000 Cast Concrete Piles 


used on this work were manufactured in our permanent concrete pile plant. 
Various types and sizes of piles ranging from 1% to 6 tons in weight, were 
used to meet the conditions presented. 


@ We also drove these piles and built the entire substructure of this extensive 


—_e 


mprovement. 


@ We are equipped to cast vertically piles of all practical types, sizes and 
lengths. <A large stock of different lengths always on hand. 


@ Rail and water shipments to all the States in the vicinity of the Great Lakes. 





4 On jobs of sufficient size we are also prepared to install complete portable 
pile casting plants and equipment to handle the work expeditiously. 


We are organized and equipped to do submarine and pneumatic work of 
all kinds, river and harbor improvements, dredging, pile driving, foundations, 
bridges, piers, breakwaters, lighthouses, and tunnels. 


We are operating in all the harbors on the Great Lakes with ofhces in 
Chicago, Cleveland, Duluth, Sault Ste. Marie, Gary, Buffalo, and Amherst- 
sett Ontario, Canada. Also on the New England Coast, with an Office in 

oston. 


GREAT LAKES DREDGE & DOCK CO. 
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The 
Breakwater Company 


(ee ee 


River and Harbor 


Improvements 


Builders of 

| Harbors of Refuge Breakwaters 

 Jetties Piers 
Seawalls, Etc. 


Main Offices 
Cleveland Philadelphia 


| 1501 New England Bldg. 412 Lafayette Bldg. 
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